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Introduction/Summary 
 
In 2003 NASA established the NASA Energy and Water Cycle Study (NEWS), whose long-term 

grand challenge is to document and enable improved, observationally based, predictions of water 
and energy cycle consequences of Earth system variability and change. The NEWS program 
builds upon existing NASA supported basic research in atmospheric physics and dynamics, radiation, 
climate modeling, and terrestrial hydrology. While these NASA programs fund research activities that 
address individual aspects of the global energy and water cycles, they are not specifically designed to 
generate a coordinated result. The implementation concept for NEWS is specifically intended to 
promote innovative mechanisms to work across these programmatic and disciplinary boundaries. 

The cycling of energy and water has obvious and significant implications for the health and 
prosperity of society. The availability and quantity of water is vital to life on earth and helps to tie 
together the Earth's lands, oceans and atmosphere into an integrated physical system. The NASA 
Energy and Water cycle Study (NEWS) aims to: 

• Derive satellite-based energy and water cycle climatologies, including monthly, continental and 
oceanic averages of the Earth’s radiation balance, as well as precipitation, evaporation, and 
water vapor. 

• Evaluate uncertainties to add a believability measure for application for this data and help guide 
future satellite technology decisions.   The new integrated global water and energy assessment 
will be used in conjunction with NASA’s  Modern Era Retrospective Analysis for Research and 
Applications (MERRA) reanalysis, to study and improve predictions of weather and climate 
variability. These integrated water and energy satellite studies will provided insights to the 
mechanisms and severity of mid-western U.S. floods and droughts, which will help mitigate 
future damage caused by these extremes. 

• Benefit from NASA-sponsored research using satellite observations to improve or create new 
estimates of water cycle variables, both fluxes and reservoirs, including their relationship with 
other important environmental processes.  MODIS data from the Terra and Aqua satellites has 
been used in multiple ways to better understand snow and in-land water dynamics, especially 
the climate change affected regions of the northern latitudes.  Additional satellite data from 
Aqua (AMSR-E instrument) and QuikScat have been combined with MODIS to better assess 
snow melt timing and dynamics.  Multiple satellite data streams and hydrologic models have 
been used to better understand agriculture areas and drought dynamics.  Satellite data has also 
been used to better understand and estimate the movement of water in the atmosphere, with 
some particular emphasis on the water flux from the world’s oceans.  In many cases these 
advances represent a strong contribution towards improving climate model representation of 
water cycle attributes 

NEWS integrates NASA results into a state-of-the-art synthesis of the global water and energy 
cycles. As a team, we are the group that is looking across the NASA satellite missions to see if together, 
the picture that emerges is consistent/makes sense; and has allowed us to learn new things about how 
the planet (and the human population) moves water and energy around, including how the water cycle is 
accelerating. 

NEWS initially focused on the first coordinated attempt to describe the complete global energy and 
water cycle using existing and forthcoming satellite and ground based observations, and laying the 
foundation for essential NEWS developments in model representations of atmospheric energy and 
water exchange processes. Data analysis exploits crucial datasets, some requiring complete re-
processing, and new satellite measurements. These data products were evaluated for accuracy and 
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consistency, in part by using them in the first diagnosis of the weather-scale (space and time) variations 
of the global energy and water cycle over the past one-two decades. The primary objective is to ensure 
that results of this analysis effort serve as a recognized data basis to compare with corresponding 
climate statistics produced by existing climate models, quantify systematic deficiencies, and identify 
needed improvements. The data records to be produced through these efforts are mandatory for 
developing and validating models that meet NEWS scientific requirements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                         Rodell, L’Ecuyer & Team  

NEWS supported research also provides the first independent assessment of the range (or 
uncertainty) in global ET estimates from remote sensing-driven models where the models were driven 
by common forcing data, based on EOS AQUA and TERRA sensor (MODIS, AIRS, CERES) data.   

At the same time, NEWS has fostered the development of radically new model representations of 
energy and water exchange processes that resolve significant process scales and spatial variability in 
ground boundary conditions. Such process-resolving models may be first constructed as independent 
stand-alone modules that can be tested against ad hoc field measurements and systematic 
observations at selected experimental sites. The codes may be simplified through statistical sampling of 
process-scale variables or otherwise reduced to generate integrated fluxes representative of each grid-
element in a climate model. This is supported by a broad exploration of potential new observing 
techniques concerning all aspects of the energy and water cycle, and initiating relevant technical 
feasibility and scientific benefit studies. 

Over the past several years, the NEWS team has been working on how to refine its approach to 
science integration. To this end, NEWS has created working groups that identify integration needs and 
make the needed connections to partner and coordinate with water & energy cycle research and 
application activities going on at other organizations within NASA, nationally, and internationally.   

e 
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NEWS has produced a lot of very good results from individual PIs, but the big payoff has been the 
major integrated science results resulting from collaborations or teams within NEWS.  For example, the 
NEWS Climatology Working Group, involving about 20 NEWS PIs and Co-Is involves integrating 
numerous satellite data sets to estimate the global and continental-scale means and variations of both 
the water and energy cycles. All fields have associated errors attached and these are used to adjust the 
fields to achieve balance, if appropriate. This activity is unique.  Individual instrument science teams do 
algorithms and analyze results from their instrument, MEASURES produces CDRs, IDS does non-global 
studies of important interdisciplinary processes.  But the NEWS activity is attempting to integrate all our 
(primarily satellite-based) observations into a complete picture of the energy and water cycles—not just 
the means, but also seasonal and inter-annual variations and trends—and using the water/energy cycle 
conservation equations as an additional constraint.  This is a big undertaking and requires significant 
resources over a sustained period.  It obviously also has big payoffs in understanding, setting a 
standard for comparison with models and even in contributing to the agenda for future measurements 
and missions.  Where are the biggest errors and uncertainties in the cycles—precipitation, soil moisture, 
evaporation, horizontal transport, runoff, etc.?  How do we reduce the uncertainties, what observations 
are necessary, and what missions will deliver those improved observations.  These questions and 
answers are at the heart of NEWS. 

 
 

 
This integration of global water and energy observations is a unique contribution of NEWS.  A good 

start has been made, but a strong, continuous program is important to keep all these PIs working 
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together toward a common goal, a goal that is much bigger than individual PI research.  In addition to 
the climatology activity, NEWS has also made substantial integrative progress on water and energy 
cycle modeling, variability and extremes, latent heat fluxes, and cloud-radiation processes. This kind of 
integrated science is uniquely challenging, and is critical to the NASA Earth science mission, and 
complements other areas of Earth Science, e.g., instrument science teams, MEASURES, IDS, etc 

 
 

Justification and Priorities for NEWS: 

The scientific framework for the Water and Energy Cycle focus area is outlined in the NASA Earth Science 
Enterprise Strategy document, issued in October 2003. It is one of six focus areas that define the scientific content of 
the NASA Earth Science Program, and includes both research and technology components.  

Its implementation is planned through NEWS a coordinated research program, whose central goal is “to 
document and enable improved, observationally-based, predictions of energy and water cycle consequences of 
Earth system variability and change.”  

The scientific priorities adopted by NEWS reflect the issues outlined in the Strategic Plan for the U.S. Climate 
Change Science Program (July 2003). These are: 

• To understand the mechanisms and processes responsible for the maintenance and variability of the 
energy and water cycle, including the extent of human interaction 

• To determine how feedback processes control the interactions between the global energy and water 
cycle and other components of the climate system, and how these feedbacks are changing over time 

• To assess the key uncertainties in seasonal-to-annual and longer term predictions of energy and water 
cycle variables, and to outline improvements needed in global and regional models to reduce these 
uncertainties 

• To evaluate the consequences, over a range of space and time scales, of energy and water cycle 
variability and change to human societies and ecosystems, and their affect on nutrient and 
biogeochemical cycles 

• To provide a scientific basis for supporting informed decision processes in the context of changing water 
resource conditions and policies 

As fully implemented, the NEWS research program is intended to yield significant advances and breakthroughs 
in hydrological cycle climate science. Progress in achieving its objectives is measured against its success in 
identifying gaps and making significant advances in:  

• Promoting the development and deployment of an experimental energy and water cycle global 
observing system  

• Assessing the global energy and water cycle through an observational record of all associated 
geophysical parameters 

• Building a fully interactive experimental global climate model that encompasses the process-level 
forcings on and feedbacks within the global energy and water cycle 
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• Creating a global land and atmosphere data assimilation system for energy and water variables 

• Assessing the variability of the global energy and water cycle on time scales ranging from seasonal to 
decadal, and space scales ranging from regional to continental to global 

• Supporting the application of climate prediction capabilities for estimating the societal impact of climate 
variability and climate changes on water resources over a variety of spatial and temporal scales. 

Second-tier NEWS research questions adopted were: 
• How are global precipitation, evaporation and the cycling of water changing?  
• What are the effects of clouds and surface hydrologic processes on Earth’s 

climate? 
• How are variations in local weather, precipitation and water resources related to 

global climate variation?  
• What are the consequences of land cover and land use change for human 

societies and the sustainability of ecosystems? 
• What are the consequences of climate change and increased human activities 

for coastal regions? 
• How can weather forecast duration and reliability be improved? 
• How can predictions of climate variability and change be improved? 
• How will water cycle dynamics change in the future? 
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The broad national objectives of energy and water related climate research extend well beyond the purview of 
any single agency or program, and call for the support of many activities that are matched to each agency’s 
respective roles and missions. NASA has the experience and expertise to support the full range of investigations, 
from global-remote sensing to point-scale field observations, global data acquisition, and the development of 
prediction systems that can assimilate these measurements.  

Therefore, to achieve the ultimate goal of operational global change predictions and applications across all 
significant scales NASA will seek collaborations with other Federal agencies, in particular the National Oceanic and 
Atmospheric Administration (NOAA), National Science Foundation (NSF), Department of Energy (DoE), U.S. 
Geological Survey (USGS), Department of the Interior (DoI), the Department of Agriculture (DoA), the scientific 
community-at-large and private industry. Such interagency collaborations, reflect NASA contributions to the overall 
Climate Change Science Program (CCSP) Global Water Cycle (GWC) initiative, and include experimental and 
operational observations and analysis tools for characterizing air/sea fluxes, ocean circulation, atmospheric state, 
land surface vegetation, sub-surface hydrology, snow and ice among others; as well as support for the development 
of new general circulation models and end-to-end prediction systems. In some cases, NASA investments may be 
required to supplement these activities to ensure that they meet specific needs, for example, in situ measurements 
of parameters that are essential to validating space based remote sensing, as well as quantities needed but not 
otherwise measured or derived.  

The NEWS research linkage to the international science community is primarily through the World Climate 
Research Programme (WCRP), especially the Global Energy and Water Experiment (GEWEX), but includes several 
complementary elements of Climate Variability and Predictability (CLIVAR) and Climate and Cryosphere (CLIC). 
GEWEX has overall WCRP responsibility for providing an international interface with all the national space agencies 
concerning energy and water cycle related global climate research requirements, instruments, data, and science 
support. Other international connections include those with the International Geosphere-Biosphere Program (IGBP) 
and the International Human Dimensions Program (IHDP) 

 

Brief History: 

Implementation of the NEWS program was initially planned in three phases, each successive phase being 
focused on a range of research activities, as described in the NEWS Implementation Plan, and represents advances 
beyond the current status of observations, modeling and applications. The next-generation prediction system will be 
based on a global observing and assimilation system to determine the initial state of climate (especially external and 
internal forcings) and a modeling system to make the forecast, neither of which currently exist in complete or 
accurate form. Developing the prediction capability requires progressing through a iterative cycle of research 
elements: observations, analysis, model development and testing, evaluation, and demonstration of applications. 
The development of observing/data analysis system capabilities evolves in parallel with the program’s research 
efforts to further develop prediction models and applications.  

The emphasis during Phase-1 is to exploit current capabilities and prepare for future developments of NEWS 
program elements. Phase-2 focuses on addressing deficiencies and building a viable "prediction" system. Phase-3, 
focuses on the delivery of an end-to-end system to address the NASA Earth Science vision, namely: comprehensive 
observations to accurately quantify the state and variability of the global water cycle, including time series data sets 
with no major gaps; routine analysis of variability in storage, transports and fluxes of water ; routine prediction of key 
water cycle parameters (including clouds, precipitation, radiation interactions, energy budgets, and surface 
hydrological variables), and improved forecasts for use in water management and decision making.  
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Specifically, the first phase focuses on the first coordinated attempt to describe the complete global energy and 
water cycle using existing and forthcoming satellite and ground based observations, and laying the foundation for 
essential NEWS developments in model representations of atmospheric energy and water exchange processes. 
This comprehensive energy and water data analysis program must exploit crucial datasets, some still requiring 
complete re-processing, and new satellite measurements. These data products will then be evaluated for accuracy 
and consistency, in part by using them in the first diagnosis of the weather-scale (space and time) variations of the 
global energy and water cycle over the past one-two decades. The primary objective is to ensure that results of this 
analysis effort serve as a recognized data basis to compare with corresponding climate statistics produced by 
existing climate models, quantify systematic deficiencies, and identify needed improvements. The data records to be 
produced through these efforts are mandatory for developing and validating models that meet NEWS scientific 
requirements. 

The second phase will focus on correcting the deficiencies identified in the first phase, exploiting and evaluating 
the newer measurements from recently deployed satellites (especially GPM), advancing multivariate analysis 
procedures to exploit the full range of observations, and developing new measurement approaches for future flight 
missions. Simultaneously, the second phase includes implementing new process-resolving or otherwise improved 
representations of energy and water exchange processes in general circulation models (GCM), assembling a 
complete end-to-end data assimilation and prediction system for seasonal and shorter-range forecasts, and testing 
the predictions against observed transient variations or changes in climate statistics. This will involve reprocessing of 
legacy data as required. An important objective of the second phase is to deliver useful seasonal predictions that can 
be applied to, and evaluated for their value to optimize water management decision-making.  

The third phase will focus on facilitating the development of a capability for short term, and annual to decadal-
scale climate predictions, in cooperation with the climate modeling community. The implementation plan calls for 
delivery of advanced atmospheric GCM formulations that can demonstrably predict changes in the energy and water 
cycle up to at least several seasons. An objective of the third phase will be testing against observations decadal 
predictions produced by fully interactive models of the complete climate system and/or simpler configurations 
involving the partial replacement of active components by observed boundary conditions. The third phase will also 
aim to deliver more penetrating tests of model performances using extended analyses of the widest possible range 
of observations, including some of the new global observing systems evaluated in the second phase. 

It was envisioned that the NEWS program will build upon existing NASA-supported basic research in 
atmospheric physics and dynamics, radiation, climate modeling, and terrestrial hydrology. While these NASA 
programs fund research activities that address individual aspects of the global energy and water cycles, they are not 
specifically designed to generate a coordinated result. The implementation concept for NEWS is specifically intended 
to promote innovative mechanisms to work across these programmatic boundaries. Based on the NEWS 
Implementation Plan central issue of assessing the key uncertainties in seasonal-to-annual and longer-term energy 
and water cycle predictions, and outline model improvements needed to reduce these uncertainties, the following 
milestones were adopted for each NEWS phase. 

 

Phase 1 

• Improve current parameterizations of clouds and precipitation, land surface hydrology, atmospheric boundary 
layer and ocean mixed layer 

• Develop stand-alone ultra-high resolution cloud process and land hydrology models with atmospheric coupling 
for water/energy fluxes, soil moisture, runoff 
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• Develop high resolution models for coupled clouds, radiation and hydrology 

• Test embedded process models in general circulation models 

• Develop and test advanced energy and water data assimilation methods 

• Quantify/evaluate causes/differences in precipitation predictions between global precipitation prediction models 

• Establish performance metrics for energy and water predictions 

Phase 2  

• Develop simplified process resolving representations of precipitation and land hydrology for GCM simulations 

• Evaluate conventional parametric representations of clouds, precipitation, boundary layer, land hydrology in 
climate models compared with weather events and observed seasonal/interannual variations 

• Assess similarities and differences between model climate variability on short time scales and forced 
responses of models on longer time scales 

• Improve representation of slow feedback processes 

• Determine most informative model products for predicting water supply 

• Assemble experimental end-to-end energy and water cycle prediction system from observations to data 
assimilation, model initialization and prediction, to assessments of hydrological consequences and decision support 
systems 

Phase 3 

 • Produce a fully interactive global climate system model that characterizes the complete energy and water 
cycle 

• Construct a comprehensive energy and water data assimilation and prediction system 

• Conduct a full end-to-end test of the prediction system against the past 30 to 50 year observational record 

The overall planning strategy is reflected in the NEWS roadmap (updated 1/20/10). 
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Evolving Organizational Structure and Implementation: 

From 2003 to 2009, the NEWS activity was initially comprised principally of product-driven investigations, 
discovery exploration-driven investigations and integrative efforts studies.  

Product-Driven Investigations: Systematic research investigations intended to combine and interpret past and 
current observations, derive global analysis and prediction tools and products and identify technological and 
observational requirements to guide future NASA investments. 

Discovery-Driven Investigations: Fundamental investigations to identify key missing elements and explore new 
scientific frontiers to improve capabilities and knowledge of the energy and water components of the Earth system..  

NEWS Science Integration Team (NSIT): Integration of the science activities to serve the overall purpose of 
NASA by acting as an interface with other Earth Science research foci and activities, coordinating the conduct of 
NEWS investigations, and leading specific studies needed for integration of the results of independent product-
driven or discovery-driven investigations.  

NSIT membership:  Entin (NASA Hq), Houser (GMU), Schiffer (UMBC), Rossow (GISS), Schlosser (MIT), 
Lapenta (MSFC), Lin (LaRC),  Njoku (JPL), Belvedere  (CREW) 
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     NEWS Principal Investigators (2003): Alan Betts (Atmospheric Research), William Olson (NASA/GSFC), Robert  
Adler (NASA/GSFC), Brian Soden (Univ. of Miami, CIMAS), Bruce Wielicki (NASA/Langley), Christa Peters-Lidard 
(NASA/GSFC, Eric Fetzer (JPL), Frank Wentz (Remote Sensing Systems, Jay Famiglietti (UCI, John Roads (Scripps 
Inst. of Oceanography), Judith Curry (Georgia Tech), Matthew Rodell (NASA/GSFC), Michael Bosilovich 
(NASA/GSFC), Randall Koster (NASA/GSFC), Ruby Leung (Battelle PNNL), Scott Denning (CSU), Siegfried 
Schubert (NASA/GSFC), Soroosh Sorooshian (UCI), Timothy Liu (JPL), Tristan L’Ecuyer (CSU), Dennis Lettenmaier 
(UWA), Xiquan Dong (UND), Yongxiang Hu (NASA/Langley), Sally McFarlane (PNNL), Duane Waliser (JPL) 

Exchanges of energy and water within the Earth system involve a multiplicity of interactive processes. 
Understanding and predicting these processes require a complex multi-disciplinary research program, innovative 
observing tools, and advanced model developments. Organizing these complex activities calls for dedicated 
management and oversight approaches to ensure that both financial and human resources are efficiently applied to 
serve NASA Earth Science priorities. 

In 2007 emphasis was placed on adopting a set of Science Integration Themes to exploit the diverse expertise 
of the broad NEWS community in addressing important cross-cutting issues essential to achieving overall program 
success. These themes focused on: 

 
•  Improving understanding and description of the physical processes and feedbacks which control the role of 
energy and water cycles and their influence on  global climate variability and change. 
 
NEWS Investigators: Famiglietti, Betts, Roads, Liu, L’Ecuyer, Adler, Curry, Peters-Lidard 
 
• Improving the retrieval and validation methodologies for deriving energy and water cycle parameters from 
remote sensing observations. 
 
NEWS Investigators: Olson, Wentz, Fetzer, Wielicki, Dong, McFarlane 
 
• Improving modeling and data assimilation techniques for evaluating and predicting hydro-meteorological 
elements of the global climate system on seasonal and longer time scales. 
 
NEWS Investigators: Koster, Denning, Soden, Bosilovich, Rodell, Hu, Waliser 
 
• Testing and demonstrating the value of energy and water cycle data products, diagnostics, and prediction 
capabilities to meet the needs of regional and national applications oriented problems. 
 
NEWS Investigators: Leung, Schubert, Sorooshian, Lettenmaier 
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                                                                                                                                                                         Curry et.al 

 
Since initiation of the project by NASA and publication of the Science Implementation Plan in 2007, NEWS has 

focused on addressing the range of its Phase 1 objectives. The first phase focuses on the first coordinated attempt 
to describe the complete global energy and water cycle using existing and forthcoming satellite and ground based 
observations, and laying the foundation for essential NEWS developments in model representations of atmospheric 
energy and water exchange processes. This comprehensive energy and water data analysis program must exploit 
crucial datasets, some still requiring complete re-processing, and new satellite measurements. These data products 
will then be evaluated for accuracy and consistency, in part by using them in the first diagnosis of the weather-scale 
(space and time) variations of the global energy and water cycle over the past one-two decades. The primary 
objective is to ensure that results of this analysis effort serve as a recognized data base to compare with 
corresponding climate statistics produced by existing climate models, quantify systematic deficiencies, and identify 
needed improvements. The data records to be produced through these efforts are mandatory for developing and 
validating models that meet NEWS scientific requirements. 

At the same time, this implementation plan calls for the development of radically new model representations of 
energy and water exchange processes that resolve significant process scales and spatial variability in ground 
boundary conditions. Such process-resolving models must be first constructed as independent stand-alone modules 
that can be tested against ad hoc field measurements and systematic observations at selected experimental sites. At 
a later stage, the codes may be simplified through statistical sampling of process-scale variables or otherwise 
reduced to generate integrated fluxes representative of each grid-element in a climate model. Finally,a broad 
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exploration of potential new observing techniques concerning all aspects of the energy and water cycle, and initiating 
relevant technical feasibility and scientific benefit studies. 

As of 2009, the project has been working on how to redefine the NEWS team approach to tackling integration. 
NEWS is attempting to create a structure that allows for consistency from existing NEWS activities, (i.e., 
conservation of scientific momentum), and at the same time welcomes new PIs and their projects. To these ends, 
the project created four NEWS working groups that identify integration needs and make the needed to partner and 
coordinate with water & energy cycle research and application activities going on at other organizations within 
NASA, nationally, and internationally. The four working groups established in 2009 were: 

 
Drought & Flood Extremes - including water and energy aspects of abrupt climate change (Co-Chairs: Dong, 
Albertson/Deng) 
 
Evaporation & Latent Heating - including both land and ocean (Co-Chairs: Hilburn, Famiglietti) 

 
Water and Energy Cycle Climatology - to exploit and influence evolving observing systems (Co-Chairs: Rodell, 
L’Ecuyer) 
 
Modeling & Water Cycle Prediction - foster interaction with the global modeling community (Co-Chairs: 
Bosilovich, Hu) 

The working groups were charged with coordinating and integrating NEWS PI science investigations; liaise with 
relevant flight missions and NASA R&A Programs; implement annual assessment of progress in meeting NEWS 
scientific requirements; and contribute to periodic Implementation Plan (IP) updates. A principal goal of the working 
groups was to promote the development of scientific papers that integrate various NEWS research within the 
working group topic area.  The WGs were further charged with coordinating with the NEWS investigator groups 
established previously in 2007 to carry out research under a set of defined themes, such as: Improving 
understanding and description of the physical processes and feedbacks which control the role of energy and water 
cycles and their influence on global climate variability and change, improving the retrieval and validation 
methodologies for deriving energy and water cycle parameters from remote sensing observations, improving 
modeling and data assimilation techniques for evaluating and predicting hydro-meteorological elements of the global 
climate system on seasonal and longer time scales, and, testing and demonstrating the value of energy and water 
cycle data products, diagnostics, and prediction capabilities to meet the needs of regional and national applications 
oriented problems.  
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Current Working Groups 

The 2013 Science Team Meeting emphasized integrating the 18 new NEWS science investigations selected by 
NASA as a result of the ROSES-2011 solicitation. The working group structure was updated to reflect the scientific 
priorities of the membership, while still adhering to the basic objectives and goals of the NEWS program as 
established in 2003, followed by clarifications in 2007 and 2009. The new structure consists of: 

Cloud and Radiation Working Group – to link clouds, precipitation, and the energy budget of the southeastern 
Pacific stressing the importance of boundary layer clouds to the radiative energy budget, the relationships 
between clouds and radiative effects, and impacts of precipitation on cloud and radiative properties 

WG membership: Bennartz, Jiang, Kato, Olson, Pinker, Su, Taylor 

Extremes Working Group – to focus on understanding severe drought in the United States.  The 2012 drought 
may not have been predictable as based on current schemes employed for such purposes, but it may have 
been anticipatable due to knowledge of key precursors such as favorable (remote) SST patterns, and reduced 
regional soil moisture and winter snow packs.  Thus, the plan is to examine the extent to which the 2012 
drought could be anticipated and to put recent severe droughts in perspective. This theme was determined 
because (1) extreme events are local and require a regional focus in the analysis; (2) the members of this 
group have ongoing research focusing on the central U.S.; and (3) attribution of extreme events in the U.S. is 
under active debate and the strength of the NEW Steam can provide further clue  

WG membership: Wang, Barandiaran, Hilburn, Houser, Oglesby, Pan, Pinker, Santanello, Schubert, Wang 

Climate Shift Working Group – During the last 25- 30 years of satellite and re-analysis information global 
surface warming and increases in ocean water vapor are evident, primarily in the pre-1998 period, with a 
leveling off of these increases in the post-1998 period.  This “climate shift” is similar to an earlier inter-decadal 
change event in the late 1970s and has been linked to changes in ocean-atmosphere interactions linked to 
Pacific Decadal Variability (PDV), although other processes (AMO, aerosols, etc.) could also be involved.  
There is also evidence that other components of the water (and energy) cycles show a shift at approximately 
the 1998-2000 point.  However, not all the global data sets and re-analyses agree and/or have homogeneity 
issues.  The WG is exploring this subject to better document and understand the “shift” and also understand 
the strengths and weaknesses of the global data sets and re-analyses to build a group consensus as to “what 
happened” and which data sets/re-analyses can be used with what level of confidence.  This activity will also 
point to possible actions to improve the data sets and re-analyses for more confident research in the future. 

WG membership: Adler, Guojun, Huffman, Robertson, Bosilovich, Lettenmaier 

Evaporation and Latent Heating Working Group – to evaluate the latent heating transport from over a region 
(discussed below), for the NEWS time period of 1998 - 2007, in order to determine mean seasonal flux; 
interannual variability; (3) the statistical distribution of events. This would lead to an analysis of extremes oer 
other aspects of the distribution and how this relates to surface variability and atmospheric transport variability. 
An analysis of the extremes can then also be tied to specific weather events, such as atmospheric rivers or 
cyclonic events, and( 4) an analysis of trends in the transport over the time period 

WG membership: Clayson, Wood, Bosilovich, Cullather, Olson, Pinker, Bennartz 
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Summary and Important Accomplishments/Highlights: 

 
The NASA Energy and Water cycle Study (NEWS) compiled the first-ever satellite-based energy 

and water cycle climatology, including monthly, continental and oceanic averages of the Earth’s 
radiation balance, as well as precipitation, evaporation, and water vapor. The accompanying uncertainty 
evaluation adds a believability measure for application for this data and is helping to guide future 
satellite technology decisions.   This new integrated global water and energy assessment is being used 
in conjunction with NASA’s Modern Era Retrospective-Analysis for Research and Applications (MERRA) 
reanalysis, to study and improve predictions of weather and climate variability.  These integrated water 
and energy satellite studies have also provided insights to the mechanisms and severity of mid-western 
U.S. floods and droughts, which will help mitigate future damage caused by these extremes. 

NASA-sponsored research using satellite observations has improved or created new estimates of 
water cycle variables, both fluxes and reservoirs, including their relationship with other important 
environmental processes.  MODIS data from the Terra and Aqua satellites has been used in multiple 
ways to better understand snow and in-land water dynamics, especially the climate change affected 
regions of the northern latitudes.  Additional satellite data from Aqua (AMSR-E instrument) and 
QuikScat have been combined with MODIS to better assess snow melt timing and dynamics.  Multiple 
satellite data streams and hydrologic models have been used to better understand agriculture areas and 
drought dynamics.  Satellite data has also been used to better understand and estimate the movement 
of water in the atmosphere, with some particular emphasis on the water flux from the world’s oceans.  In 
many cases these advances represent a strong contribution towards improving climate model 
representation of water cycle attributes. 
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The NASA Energy and Water cycle Study (NEWS) has allowed us to integrate NASA results into a 
state-of-the-art synthesis of the global water and energy cycles. As a team, we are the group that is 
looking across the NASA satellite missions to see if together, the picture that emerges allows us to learn 
new things about how the planet (and the human population) moves water and energy around, including 
how the water cycle is accelerating. 

NEWS Supported research also allows the first independent assessment of the range (or 
uncertainty) in global ET estimates from remote sensing-driven models where the models were driven 
by common forcing data, based on EOS AQUA and TERRA sensor (MODIS, AIRS, CERES) data.  
Continued work using 1984-2008 ISCCP and SRB radiation data sets is on-going. 

At the same time, NEWS has fostered the development of radically new model representations of 
energy and water exchange processes that resolve significant process scales and spatial variability in 
ground boundary conditions. Such process-resolving models may be first constructed as independent 
stand-alone modules that can be tested against ad hoc field measurements and systematic 
observations at selected experimental sites. The codes may be simplified through statistical sampling of 
process-scale variables or otherwise reduced to generate integrated fluxes representative of each grid-
element in a climate model. This is supported by a broad exploration of potential new observing 
techniques concerning all aspects of the energy and water cycle, and initiating relevant technical 
feasibility and scientific benefit studies. 

 
                                                                                                                                                            

NEWS has produced a lot of very good results from individual PIs, but the big payoff has been the 
major integrated science results resulting from collaborations or teams within NEWS.  For example, the 
NEWS Climatology Working Group, involving about 20 NEWS PIs and Co-Is has taken on a very large 
project of integrating numerous satellite data sets to estimate the global and continental-scale means 
and variations of both the water and energy cycles. All fields have associated errors attached and these 
are used to adjust the fields to achieve balance, if appropriate. This activity alone makes NEWS 
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worthwhile and unique.  Individual instrument science teams do algorithms and analyze results from 
their instrument, MEASURES produces CDRs, IDS does non-global studies of important 
interdisciplinary processes.  But the NEWS activity is attempting to integrate all our (primarily satellite-
based) observations into a complete picture of the energy and water cycles, not just the means, but also 
seasonal and inter-annual variations and trends—and using the water/energy cycle conservation 
equations as an additional constraint.  This is a big undertaking and requires significant resources over 
a sustained period.   

 
Selected'Highlights:'
'

Below we highlight some of the NEWS accomplishments.  These highlights are based on highly 
cited science, media attention, as well as results identified by the NEWS team.  
• Climate models and satellite observations both indicate that the total amount of water in the 
atmosphere will increase at a rate of 7% per kelvin of surface warming. However, the climate 
models predict that global precipitation will increase at a much slower rate of 1 to 3% per kelvin. A 
recent analysis of satellite observations does not support this prediction of a muted response of 
precipitation to global warming. Rather, the observations suggest that precipitation and total 
atmospheric water have increased at about the same rate over the past two decades. 
 

Wentz, F. J, L Ricciardulli, K. A. Hilburn and Carl Mears, 2007:  How Much More Rain will Global 
Warming Bring? Science, 317, 233-235, doi: 10.1126/1140746 (cited by 438) 

http://www.sciencemag.org/content/317/5835/233.abstract?sid=42244e1e-b5bd-4a94-afdc-
c585e4384bb9.   

 
• Global and large regional rainfall variations and possible long-term changes are examined 
using the 27-yr (1979–2005) Global Precipitation Climatology Project (GPCP) monthly dataset. 
Emphasis is placed on discriminating among variations due to ENSO, volcanic events, and possible 
long-term climate changes in the Tropics.  
The impact of the two volcanic eruptions is estimated to be about a 5% reduction in tropical rainfall 
over both land and ocean. A modified dataset (with ENSO and volcano effects removed) retains the 
same approximate linear change slopes, but with reduced variances, thereby increasing the 
statistical significance levels associated with the long-term rainfall changes in the Tropics. Increase 
in tropical rainfall, impact of volcanoes. 
 

Gu, G., R. Adler, G. Huffman, and S. Curtis, 2007: Tropical Rainfall Variability on Interannual-to-
Interdecadal/Longer-Time Scales Derived from the GPCP Monthly Product, J. Climate, 20, 4033-
4046. (cited by 100)  http://journals.ametsoc.org/doi/abs/10.1175/JCLI4227.1  
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• In 2008 Fetzer and Lin delivered a five-year (2003-2006) record of AIRS and AMSR-E water 

vapor, and AMSR-E cloud liquid water content.  The MLS upper troposphere and middle atmosphere 
water vapor, and ice water content estimates are included for the period from July 2004 through the 
end if 2006. Co-I Bill Iron was engaged in AIRS and NLS validation activities.  These activities will 
lead to a true merge AIRS-MLS-AMSR-E water vapor product. 
 

Fetzer, E. J., et al. (2008), Comparison of upper tropospheric water vapor observations from the 
Microwave Limb Sounder and Atmospheric Infrared Sounder, J. Geophys. Res., 113, D22110, 
doi:10.1029/2008JD010000. 

 
• The capability of a global data compilation, largely satellite based, is assessed to depict the global 

atmospheric water cycle’s mean state and variability. Monthly global precipitation estimates from the 
Global Precipitation Climatology Project (GPCP) and the Climate Prediction Center (CPC) Merged 
Analysis of Precipitation (CMAP) span from 1979 to 1999. Monthly global Special Sensor Microwave 
Imager (SSM/I)-based bulk aerodynamic ocean evaporation estimates span from June 1987 to 
December 1999. Global terrestrial evapotranspiration rates are estimated over a multidecade period 
(1975–99) using a global land model simulation forced by bias-corrected reanalysis data. Monthly total 
precipitable water (TPW) from the NASA Global Water Vapor Project (NVAP) spans from 1988 to 1999. 
 

The averaged annual global precipitation (P) and evaporation (E) estimates are out of balance by 
5% or 24 000 (metric) gigatons (Gton) of water, which exceeds the uncertainty of global mean annual 
precipitation (∼±1%). For any given year, the annual flux imbalance can be on the order of 10% (48 000 
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Gton of water). However, observed global TPW interannual variations suggest a water flux imbalance 
on the order of 0.01% (48 Gton of water)—a finding consistent with a general circulation model (GCM) 
simulation. Variations in observationally based global P and E rates show weak monthly and interannual 
consistency, and depending on the choice of ocean evaporation data, the mean annual cycle of global E 
− P can be up to 5 times larger to that of TPW. The global ocean annual evaporation rates have as 
much as a ∼1% yr−1 increase during the period analyzed (1988–99), which is consistent in sign with 
most transient CO2 GCM simulations, but at least an order of magnitude larger. The ocean evaporation 
trends are driven by trends in SSM/I-retrieved near-surface atmospheric humidity and wind speed, and 
the largest year-to-year changes are coincident with transitions in the SSM/I fleet. 

 
   In light of (potential) global water cycle changes in GCM projections, the ability to consistently 
detect or verify these changes in nature rests upon one or more of the following: quantification of global 
evaporation uncertainty, at least a twofold improvement in consistency between the observationally 
based global precipitation and evaporation variations, a two order of magnitude rectification between 
annual variations of E − P and precipitable water as well as substantial improvements in the 
consistency of their seasonal cycles, a critical reevaluation of intersatellite calibration for the relevant 
geophysical quantities used for ocean evaporation estimates, and the continuation of a dedicated 
calibration in this regard for future satellite transitions. 

 
Schlosser, C. Adam, Paul R. Houser, 2007: Assessing a Satellite-Era Perspective of the Global Water 

Cycle. J. Climate, 20, 1316–1338.doi: http://dx.doi.org/10.1175/JCLI4057.1 
 
• Climate models suggest that extreme precipitation events will become more common in an 

anthropogenically-warmed climate. However, observational limitations have hindered a direct 
evaluation of model-projected changes in extreme precipitation. We used satellite observations and 
model simulations to examine the response of tropical precipitation events to naturally driven 
changes in surface temperature and atmospheric moisture content. These observations reveal a 
distinct link between rainfall extremes and temperature, with heavy rain events increasing during 
warm periods and decreasing during cold periods. Furthermore, the observed amplification of rainfall 
extremes is found to be larger than that predicted by models, implying that projections of future 
changes in rainfall extremes in response to anthropogenic global warming may be underestimated. 
 

Allan, R. P., and B. J. Soden, 2008: Atmospheric Warming and the Amplification of Precipitation 
Extremes. Science, 321 (5895), 1481-1483. (cited by 382) 
http://www.sciencemag.org/content/321/5895/1481.abstract  

 
• A relationship between surface air temperature and total precipitable water vapor in historical 

records and AIRS observations over northern Eurasia has been established.  In cold conditions 
total water vapor follows surface air temperature closely.  During warmest conditions total water 
vapor increases slowly with surface air temperature. 

These results show that warmest conditions are associated with lowest relative humidity over 
Eurasia.  This suggests that climate models may be overestimating the strength of water vapor-
driven greenhouse warming at high latitudes during summer.  
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Ye, H., and E. J. Fetzer (2009), Atmospheric moisture content associated with surface air temperatures 
over northern Eurasia, Int. J. Hydrology, **Lead Author Hengchun Ye received the American 
Association of Geographers Climate Specialty Group John Russell Mather Paper of the Year 
Award for this study 

 
• The potential impact of anomalous cloud cover on the 2007 Arctic sea ice minimum was 
established using CloudSat and CALIPSO (A-Train) data.  The results suggest that reduced cloud 
cover in 2007 may have   significantly enhanced sea ice melt. The results highlight the importance 
of considering potential atmosphere-ocean feedback processes in the highly sensitive polar 
regions reflecting the critical role of sea ice in climate change   
 

L’Ecuyer,T. and J.H. Jiang, 2010: Touring the Atmosphere Aboard the ATrain Physics Today, July 
2010, featured article, pps.36-41 

 
• A six year analysis of water budget components has been carried out for 10 global basins, with 
the focus on using remote sensing products.  The analysis results in differential weighting of the 
products depending on their uncertainty and adjustments by the filter to close of the budget 
indicates the extent which components are adjusted to obtain closure. This provides the first multi-
product budget time series with closure of the global water cycle, allowing for improved estimates 
that can be used for future diagnostic studies of climate variability.  
 

Sheffield, Justin, Eric F. Wood, Francisco Munoz-Arriola, 2010 Long-term regional estimates of 
evapotranspiration for Mexico based on downscaled ISCCP data, J Hydromet.,; 11: 253-275, April 
2010 

 
• New algorithms merge CALIPSO, CloudSat, MODIS, and CERES data, computed heating 
rate, and produced a new combined data set. One year of merged data (from July 2006 through 
June 2007) are now available from Langley ASDC (http://eosweb.larc.nasa.gov/PRODOCS/ceres-
news/table_ceres-news.html. Top-of-atmosphere and surface radiative flux (longwave) 
improvements provided by CALIPSO and CloudSat as well as cloud and aerosol properties are 
now available. New heating rate profiles with unprecedented vertical resolution and more accurate 
surface radiative flux have been used to estimate the uncertainty in the surface radiation budget, to 
determine aerosol and cloud radiative effects in the atmosphere, and in climate process sensitivity 
studies 
 

Kato, S., S. Sum-Mack, W. F. Miller, F. G. Rose, Y. Chen, P. Minnis, and B. A. Wielicki (2010), Relation 
of among cloud occurrence frequency, overlap, and effective thickness derived from CALIPSO and 
CloudSat merged cloud vertical profiles, J. Geophys. Res., 115, D00H28, 
doi:10.1029/2009JD012277 

 
• Global observations indicate that warming of surface temperature is not producing increase in 
global precipitation, but shifts noted with increase in deep tropics, decrease in middle latitudes.  
ENSO produces a similar small signal in global precipitation variations with regional variations, 
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while global volcano signal is more distinct. Links between components of the water cycle at 
various time and space scales important to understanding water and energy processes at various 
time scales and explaining similarities and differences.  These documented variations will serve as 
benchmarks for reanalysis and improving climate models. 
 

 Adler, R.F., G. Gu, J.-J. Wang, G.J. Huffman, S. Curtis and D. Bolvin, 2008: Relationships between 
Global Precipitation and Surface Temperature on Inter-annual and Longer Time Scales (1979-
2006). J. Geophys. Res., 113, D22104, doi:10.1029/2008JD010536.  
  Gu, G. and R. Adler, 2010.  Precipitation and temperature variations on the inter-annual time 

scale: Assessing the impact of ENSO and volcanic eruptions. J. Climate 
 

• Extensive error analyses for global surface radiative flux products including extensive 
international evaluation has demonstrated adequate accuracy for determining SW diffuse/direct 
flux ratio and the diurnal variations of the LW fluxes. It has been determined that the limiting 
accuracy of surface radiative fluxes now comes from aerosols in the shortwave, not clouds, and 
from surface temperatures in the longwave, not clouds. An important limitation of surface 
measured cloud parameters is the inhomogeneous diurnal sampling and the retrieval difficulties 
with broken clouds (SW) and cirrus clouds (LW). This is a significant step in understanding the role 
of cloud and aerosol radiation processes in climate.  
 

Zhang, Y.-C., C.N. Long, W.B. Rossow, and E.G. Dutton, 2010: Exploiting diurnal variations to evaluate 
the ISCCP-FD flux calculations and radiative-flux-analysis-processed surface observations from 
BSRN, ARM and SURFRAD.J. Geophys. Res 

 
• NEWS supported research provides the first independent assessment of the range (or 
uncertainty) in global ET estimates from remote sensing-driven models where the models were 
driven by common forcing data, based on EOS AQUA and TERRA sensor (MODIS, AIRS, CERES) 
data. Continued work using 1984-2008 ISCCP and SRB radiation data sets is on-going.  This 
publication was listed one of the most downloaded paper from RSE from Jan – March 
 

Vinukollu, Wood, Ferguson and Fisher (Global Estimates of Evapotranspiration for Climate Studies 
using Multi-Sensor Remote Sensing Data: Evaluation of Three Process-Based Approaches, 
Remote Sens. Env., 115(3), doi: 10.1016/j.rse.2010.11.006, 2010).   

 

• The first global data set that quantifies the monthly distribution of surface water extent at ∼25 
km sampling intervals over 12 years has been produced from complementary multiple-satellite 
observations.  The variability of the surface water extent are compared with related variables such 
as in situ river discharges, altimeter-derived and in situ rivers/floodplains water level heights and 
precipitation estimates over inland water bodies and large river basins. In addition to a large 
seasonal and interannual variability, the new results show a slight overall decrease in global 
inundated area between 1993 and 2004. Land surface waters play a primary role in the global 
water cycle and climate. There is a widespread demand for accurate and long-term quantitative 
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observations of their distribution over the whole globe. This new 12 year (1993–2004) data set of 
global surface water extent represents an unprecedented source of information for future 
hydrological or methane modeling.   
 

Papa, F., C. Prigent, F. Aires, C. Jimenez, W. B. Rossow, and E. Matthews (2010), Interannual 
variability of surface water extent at the global scale, 1993-2004, J. Geophys. Res., 115, D12111, 
doi:10.1029/2009JD012674. Published 19 June 

 
•  The potential impact of anomalous cloud cover on the 2007 Arctic sea ice minimum was 
established using CloudSat and CALIPSO (A-Train) data.  The results suggest that reduced cloud 
cover in 2007 may have   significantly enhanced sea ice melt. The results highlight the importance 
of considering potential atmosphere-ocean feedback processes in the highly sensitive polar 
regions  reflecting  the critical role of sea ice in climate change. 
 

Winker, D. M., J. Pelon, J. A. Coakley Jr., S. A. Ackerman, R. J. Charlson, P. R. Colarco, P. Flamant, 
A. Fu, R. M. Hoff, C. Kittaka, T. L. Kubar, H. Le Treut, M. P. Mccormick, G. Megie, L. Poole, K. 
Powell, C. Trepte, M. A. Vaughan, and B. A. Weilicki, The CALIPSO Mission, 2010: The CALIPSO 
Mission: A Global 3D View of Aerosols and Clouds. AMS/BAMS, September 2010, pp 1211 – 1229 
(cited by 157) 
 
• Ground water depletion using GRACE data: Rodell et al [2009] using GRACE data identified 

current rates of groundwater depletion in India.  Famiglietti et al [2011] showed that California's 
major water source (the Sierra Nevada mountains) and America's fruit basket (California's Central 
Valley) were also experiencing significant rates of groundwater depletion.  During the 2003-2010 
time period studied, the combined Sacramento-San Joaquin River Basins lost the equivalent 
volume of Lake Mead in freshwater, nearly two-thirds of which came from groundwater. The work 
has resonated across the country, renewing calls for enhanced groundwater management, and 
garnering support for an accelerated GRACE follow-on mission. (The California paper has been 
worth its weight in gold -- congressional testimony, cited first as a justification for the GRACE-
follow-on in the Climate Architecture document , NY Times story). 

•  
Famiglietti, J. S., M. Lo, S. L. Ho, K. J. Anderson, J. Bethune, T. H. Syed, S. C. Swenson, C. R. de Linage 

and M. Rodell, 2011, Satellites Measure Recent Rates of Groundwater Depletion in California's Central 
Valley, Geophys. Res. Lett., 38, L03403, doi:10.1029/2010GL046442. 

 
• This integrated, observational study improves our understanding of how inter-annual variations 
in the global hydrological cycle, specifically precipitation and tropospheric water vapor, depend on 
surface temperature changes, and how the ENSO and volcanic eruptions may modulate this 
dependence.  Removal of the ENSO and volcano signals from the time series leaves evidence of 
large-scale temperature, vapor and precipitation inter-relations similar to those evident in global 
warming trends. This and following studies will provide better understanding of both inter-annual 
and climate-change variations in precipitation. The Global Precipitation Climatology Project 
(GPCP) has successfully integrated recent SSMIS passive microwave data into the GPCP process 
to take over for the failed last calibrating SSMI satellite.  This cross-calibration and extension of the 
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highly used data set has allowed the GPCP to get back to near real time (April 2011).  The GPCP 
analysis effort is headed by Adler/Huffman under NEWS support and is part of the WCRP/GEWEX 
international program. 
 
Gu, G., and R. F. Adler, 2011: Large-scale, interannual relations among surface temperature, water 

vapor, and precipitation with and without ENSO and volcano forcings. International Journal of 
Climatology  

 
• The International Satellite Cloud climatology Project (ISCCP) celebrated its 30 year anniversary in 
April 2013.  ISCCP, the first project of the World Climate Research Program, organized by NASA, 
evolved as a multi-national, multi-agency cooperative effort to operate a multi-satellite global observing 
system and to perform a multi-data analysis to produce systematic and comprehensive cloud products. 
Over the course of its lifetime, ISCCP went beyond production of just cloud statistics to characterizing 
the associated properties of the atmosphere and surface that affect cloud processes and, together with 
cloud properties, affect Earth’s radiation budget. Research achievements employing ISCCP and other 
satellite data products contributed to (1) the capability to determine the surface and in-atmosphere 
radiation budgets as well as the cloud effects on radiative fluxes at the surface, in atmosphere and at 
the top of atmosphere, (2) the beginning of the quantification of the relationships of cloud properties 
and precipitation, (3) the beginning of the characterization of different weather states from cloud 
property patterns and their associated radiative and latent heating amounts and atmospheric properties 
and dynamics, and (4) setting upper limits on the magnitude of the interannual variability of clouds. The 
conclusion of a major international cloud product assessment effort emphasized the generally good 
quantitative agreement among a dozen products concerning the basic cloud properties – amount, top 
temperature/pressure, optical thickness and particle size – and their latitudinal and seasonal variations. 
http://www1.cuny.edu/mu/forum/2013/04/09/anniversary-conference-celebrates-30-years-of-cloud-

research/!
 
• Multiple global reanalysis and precipitation datasets were analyzed in order to explain the 

dynamic mechanisms that lead to an observed intensification of the monsoon trough and associated 
tropical cyclone activity over the Bay of Bengal (BOB) during the pre-monsoon month of May. We find 
that post-1979 increases in both pre-monsoon precipitation and tropical cyclone intensity are a result 
of enhanced large-scale monsoon circulation, characterized by lower-level cyclonic and upper-level 
anti-cyclonic anomalies. Such circulation anomalies are manifest of the tropospheric expansion that is 
caused by regional warming. The deepened monsoon trough in the BOB not only affects tropical 
cyclone frequency and timing, but also acts to direct more cyclones towards Myanmar. We propose 
that increasing sea surface temperature in the BOB has contributed to an increase in cyclone 
intensity. Our analyses of the Community Earth System Model single-forcing experiments suggest 
that tropospheric warming and a deepening of the monsoon trough can be explained by two discreet 
anthropogenic causes an increase in absorption due to aerosol loading, and an increase in the land-
ocean thermal contrast that results from increased greenhouse gases. The ensuing circulation 
changes provide favorable conditions for tropical cyclones to grow and to track eastward towards 
Myanmar.(April 2013) 
 
Wang, S.-Y., B. Buckley, J.-H. Yoon and B. Fosu. 2013: Intensification of pre-monsoon tropical 

cyclones in the Bay of Bengal and its impacts on Myanmar. J. Geophysical Research, doi: 
10.1002/lrd.50396. 
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• The vertical distributions of cloud water content (CWC) and cloud fraction (CF) over the tropical 

oceans, produced by 13 coupled atmosphere-ocean models submitted to the Phase 5 of Coupled 
Model Intercomparison Project (CMIP5), are evaluated against CloudSat/CALIPSO observations as a 
function of large-scale parameters. Available  

CALIPSO simulator CF outputs are also examined. A diagnostic framework is developed to 
decompose the cloud simulation errors into large-scale errors, cloud parameterization errors and 
covariation errors. We find that the cloud parameterization errors contribute predominantly to the 
total errors for all models. The errors associated with large-scale temperature and moisture 
structures are relatively greater than those associated with large-scale midtropospheric vertical 
velocity and lower-level divergence. All models capture the separation of deep and shallow clouds in 
distinct large-scale regimes; however, the vertical structures of high/low clouds and their variations 
with large-scale parameters differ significantly from the observations. The CWCs associated with 
deep convective clouds simulated in most models do not reach as high in altitude as observed, and 
their magnitudes are generally weaker than CloudSat total CWC, which includes the contribution of 
precipitating condensates, but are close to CloudSat nonprecipitating CWC. All models reproduce 
maximum CF associated with convective detrainment, but CALIPSO simulator CFs generally agree 
better with CloudSat/CALIPSO combined retrieval than the model CFs, especially in the 
midtroposphere. Model simulated low clouds tend to have little variation with large-scale parameters 
except lower-troposphere stability, while the observed low cloud CWC, CF, and cloud top height vary 
consistently in all large-scale regimes. (April 2013) 

 
Su, H., J.H. Jiang, C. Zhai, V. Perun, J.T. Shen, A.D. Del Genio, L.S. Nazarenko, L.J. Donner, L.W. 

Horowitz, C.J. Seman, C.J. Morcrette, J. Petch, M.A. Ringer, J. Cole, M. dos Santos Mesquita, 
T. Iversen, J.E. Kristjansson, A. Gettelman, L.D. Rotstayn, S.J. Jeffrey, J.-L. Dufresne, M. 
Watanabe, H. Kawai, T. Koshiro, T. Wu, E.M. Volodin, T. L'Ecuyer, J. Teixeira, and G.L. 
Stephens, 2013: Diagnosis of regime-dependent cloud simulation errors in CMIP5 models using 
"A-Train" satellite observations and reanalysis data. J. Geophys. Res., 118, 2762-2780, 
doi:10.1029/2012JD018575. 
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NEWS 10 year Publication Summary  
 

2004-2006 
Betts, A. K. 2006: Radiative scaling of the nocturnal boundary layer and the diurnal temperature range , 

2006; J. Geophys. Res., VOL. 111, D07105, doi:10.1029/2005JD006560 (cited by 24) 
Koster, R. D., M. J. Suarez, P. Liu, U. Jambor, M. Kistler, A. Berg, R. Reichle, M. Rodell, and J. 

Famiglietti, Realistic Initialization of Land Surface States: Impacts on Subseasonal Forecast Skill, 
2004: J. Hydrometeor., 5 (6), 1049-1063. (cited by 33) 
(http://journals.ametsoc.org/doi/abs/10.1175/JHM-387.1  

Aires, F., C. Prigent and W.B. Rossow, 2005: Sensitivity of Satellite Microwave and Infrared 
Observations to Soil Moisture at a Global Scale. II: Global Statistical Relationships. J. Geophys. 
Res., 110, doi 10.1029/2004JD005094.  (cited by 16) 
http://www.agu.org/pubs/crossref/2005/2004JD005094.shtml 

 Jo, Y.-H., X.-H. Yan, B. Dzwonkowski, and W.T. Liu, 2005: A Study of Freshwater Discharge from the 
Amazon River into the Tropical Atlantic using Multi-Sensor Data. Geophys. Res. Lett., 32. L02605, 
doi:10.1029/2004GL021840. (cited by 7)  http://airsea-www.jpl.nasa.gov/publication/paper/Jo-etal-
2005.pdf  

Liu, J., J. A. Curry, W. B. Rossow, J. R. Key, and X. Wang, 2005: Comparison of Surface Radiative 
Flux Data Sets over the Arctic Ocean. J. Geophys. Res., 110, doi 10.1029/2004JC002381 (1-13). 
(cited by 38) http://stratus.ssec.wisc.edu/papers/jliu_jgr_2005.pdf 

 Liu, W. T. and W. Tang, 2005: Estimating Moisture Transport over Ocean using Spacebased 
Observations from Space.  J. Geophys. Res. 110, D10101, doi:10.1029/2004JD005300. (cited by 
24)  http://airsea-www.jpl.nasa.gov/publication/paper/Liu-Tang-2005.pdf  

Prigent, C., F. Aires, W. B. Rossow and A. Robock, 2005: Sensitivity of Satellite Microwave and 
Infrared Observations to Soil Moisture at a Global Scale. I: Relationship of Satellite Observations to 
In Situ Soil Moisture Measurements. J. Geophys. Res., 110, doi (cited by 72) 
10.1029/2004JD005087 (1-15). http://climate.envsci.rutgers.edu/pdf/PrigentEtAl2004JD005087.pdf 

Raschke, E., A. Ohmura, W. B. Rossow, B. E. Carlson, Y-C. Zhang, C. Stubenrauch, M. Kottek and M. 
Wild, 2005: Cloud Effects on the Radiation Budget Based on ISCCP Data (1991 to 1995). Int. J. 
Climatology, 25, 1023-1039. (cited by 45) 
http://www.iac.ethz.ch/doc/publications/Raschke_ISCCP.pdf 

Sorooshian, S., R. Lawford, P. Try, W. Rossow, J. Roads, J. Polcher, G. Sommeria and R. Schiffer, 
2005: Water and Energy Cycles: Investigating the Links. World Meteorological Organization 
Bulletin, 54, April 2005, 58-64.(cited by 30)  http://www.wcrp-
climate.org/documents/WMO_Bulletin54.pdf 

Fetzer, E. J., B. H. Lambrigtsen, A. Eldering, H. H. Aumann, and M. T. Chahine 2006: Biases in Total 
Precipitable Water Vapor Climatologies from Atmospheric Infrared Sounder and Advanced 
Microwave Scanning Radiometer, J. Geophys. Res., 111, D09S16, (cited by 43) 
doi:10.1029/2005JD006598. http://trs-new.jpl.nasa.gov/dspace/bitstream/2014/40384/1/05-
2351.pdf 

Gettelman, A., E. J. Fetzer, A. Eldering and F. W. Irion 2006: The Global Distribution of 
Supersaturation in the Upper Troposphere from the Atmospheric Infrared Sounder, J. Climate, 23, 
6089–6103. (cited by 66) http://www.cgd.ucar.edu/cms/andrew/papers/gettelman2006_ssatairs.pdf 
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Held, I. M. and B. Soden, 2006: Robust Responses of the Hydrological Cycle to Global Warming. J. 
Climate, 19 (14), 3354-3360. (cited by 34) 
http://www.gfdl.noaa.gov/bibliography/related_files/ih0601.pdf    

John, V. O,and B. J. Soden, 2006:  Does Convectively-detrained Cloud Ice Enhance WaterVapor 
Feedback? Geophys. Res. Lett., 33, L20701. (cited by 23) 
http://www.sat.ltu.se/members/viju/publication/feedback/2006GL027260.pdf 

 Liu, W. T., X. Xie, W. Tang, and V. Zlotnicki, 2006: Spacebased Observations of Oceanic Influence on 
the Annual Variation of South American Water Balance, Geophys. Res. Lett., 33, L08710, 
doi:10.1029/2006GL025683. (cited by 9)  http://airsea-www.jpl.nasa.gov/publication/paper/Liu-etal-
2006sa.pdf 

Olson, W. S., C. D. Kummerow, S. Yang, G. W. Petty, W.-K. Tao, T. L. Bell, S. A. Braun, Y. Wang, S. 
E. Lang, D. E. Johnson, and C. Chiu, 2006:  Precipitation and Latent Heating Distributions from 
Satellite Passive Microwave Radiometry.  Part I:  Improvement Method and Uncertainties, J. Appl. 
Meteor. and Climatol., 45, 702-720. (cited by 89) 
http://rain.atmos.colostate.edu/research/pubs/olson2006.pdf  

Papa, F., C. Prigent, F. Durand and W. B. Rossow, 2006: Wetland Dynamics using a Suite of Satellite 
Observations: A Case Study of Application and Evaluation for the Indian Subcontinent. Geophys. 
Res. Lett., 33, doi: 10.1029/2006GL025767, (1-4). (cited by 30) 
http://crest.ccny.cuny.edu/rscg/Research/Papa/Publications/papers/2006/2006_Papa_etal_1.pdf 

Papa, F., C. Prigent, W. B. Rossow, B. Legresy and F. Remy, 2006: Inundated Wetland Dynamics over 
Boreal Regions from Remote Sensing: The Use of Topex-Poseidon Dual-frequency Radar 
Altimeter Observations. Int. J. Remote Sensing, 27, 4847-4866, doi:080/01431160600675887. 
(cited by 17) http://pubs.giss.nasa.gov/docs/2006/2006_Papa_etal_2.pdf 

Prigent, C., F. Aires and W. B. Rossow, 2006: Land Surface Microwave Emissivities over the Globe for 
a Decade. Bull. Amer. Meteor. Soc., 87,1573-1584. (cited by 55)  
http://www.lmd.jussieu.fr/~falmd/articles/i1520-0477-87-11-1573.pdf 

Romanou, A., W. B. Rossow and S-H. Chou, 2006: Decorrelation Scales of High Resolution Turbulent 
Fluxes at the Ocean Surface and a Method to Fill in Gaps in Satellite Data Products. J. Climate, 
19, 3378-3393, doi: 10.1175/JCLI3773.1. (cited by 6) 
http://journals.ametsoc.org/doi/abs/10.1175/JCLI3773.1 

Rossow, W. B., J. J. Bates, J. Romanski, Y-C. Zhang, K. Knapp and E. Duenas, 2006: Analyzing the 
Variations of the Global Energy and Water Cycle. GEWEX NEWS, 16, 3-5. (cited by 3) 
http://www.usclivar.org/Newsletter/VariationsV5N1/Energy_cycle.pdf 

Tian, B., D. E. Waliser, E. J. Fetzer, B. H. Lambrigtsen, Y. L. Yung and B. Wang, 2006: Vertical Moist 
Thermodynamic Structure and Spatial-temporal Evolution of the Madden-Julian Oscillation in 
Atmospheric Infrared Sounder Observations, J. Atmos. Sci., 63, 2462-2485. (cited by 127)  
http://journals.ametsoc.org/doi/pdf/10.1175/JAS3782.1 

 Xie, S.-P., H. Xu, N. H. Saji, Y. Wang, and W. T. Liu, 2006: Role of Narrow Mountains in Large-scale 
Organization of Asian Monsoon Convection. J. Climate, 19, 3420-3429. (cited by 110)  
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI3777.1 

Yang, S., W. S. Olson, J.-J. Wang, T. L. Bell, E. A. Smith, and C. D. Kummerow, 2006:  Precipitation 
and Latent Heating Distributions from Satellite Passive Microwave Radiometry.  Part II:  Evaluation 
of Estimates using Independent Data.  J. Appl. Meteor. and Climatol., 45, 721-739. (cited by 37) 
http://journals.ametsoc.org/doi/pdf/10.1175/JAM2370.1 



!

27!
!

Zhang, Y., W. B. Rossow, and P. W. Stackhouse, 2006: Comparison of Different Global Information 
Sources used in Surface Radiative Flux Calculation: Radiative Properties of the Near-surface 
Atmosphere. J. Geophys. Res., 111, D13106, doi: 10.1029/2005JD006873, (1-13). (cited by 41) 
http://www.agu.org/pubs/crossref/2006/2005JD006873.shtml 

Grecu, M., and W. S. Olson, 2006: Bayesian estimation of precipitation from satellite passive 
microwave observations using combined radar-radiometer retrievals. J. Appl. Meteor. and 
Climatol., 45, 416-433. (cited by 48) 

 
2007 
Alan, R. Pl, and B. J. Soden, 2007: Large Discrepancy between Observed and Simulated Precipitation 

Trends in the Ascending and Desending Branches of the Tropical Circulation. Geophys. Res. Lett., 
(cited by 92) 34.L18705http://www.agu.org/pubs/crossref/2007/2007GL031460.shtml  

Betts, A. K. 2007: Coupling of Water Vapor Convergence, Clouds, Precipitation, and Land-surface 
Processes. J. Geophys. Res., 112, D10108, doi:10.1029/2006JD008191 (cited by 36) 
http://www.agu.org/pubs/crossref/2007/2006JD008191.shtml 

Betts, A.K., M.A.F. Silva Dias, G. Fisch, C. von Randow, J.C.P. Cohen, R.da Silva, D.R. Fitzjarrald, 
2007: The Amazonian Boundary Layer and Mesoscale Circulations. Chapter B3  in Amazonia and 
Global Change. (cited by 9)  http://alanbetts.com/research/paper/the-amazonian-boundary-layer-
and-mesoscale-circulations/   

Curtis, S., A. Salahuddin, R. F. Adler, G. J. Huffman, G. Gu, and Y. Hong, 2007: Precipitation Extremes 
Estimated by GPCP and TRMM: ENSO Relationships. J. Hydrometeor. (GEWEX Special Issue), 8, 
678-689. (cited by 21)  http://journals.ametsoc.org/doi/abs/10.1175/JHM601.1 

Gu, G., R. Adler, G. Huffman, and S. Curtis, 2007: Tropical Rainfall Variability on Interannual-to-
Interdecadal/Longer-Time Scales Derived from the GPCP Monthly Product, J. Climate, 20, 4033-
4046. (cited by 100)  http://journals.ametsoc.org/doi/abs/10.1175/JCLI4227.1  

 Hu, Y., M. Vaughan, C. McClain, M. Behrenfeld, H. Maring, D. Anderson, S. Sun-Mack, D. Flittner, J. 
Huang, B. Wielicki, P. Minnis, C. Weimer, C. Trepte, and R. Kuehn, 2007: Global Statistics of 
Liquid Water Content and Effective Number Concentration of Water Clouds over Ocean Derived 
from Combined CALIPSO and MODIS Measurements. Atmos. Chem., & Phys., 7, 3353-3359. 
(cited by 17)  http://www.atmos-chem-phys.net/7/3353/2007/acp-7-3353-2007.html 

John, V. O., and B. Soden, 2007: Temperature and Humidity Biases in Global Climate Models and their 
Impacts on Climate Feedbacks. Geophys. Res. Lett.,34, L18605, doi:10. 029/2007GL030736 (cited 
by 70) http://193.10.130.23/members/viju/publication/airscomp/2007GL030429.pdf     

Kahn, B. H., E. Fishbein, S. L. Nasiri, A. Eldering, E. J. Fetzer, M. J. Garay and S.-Y. Lee 2007: The 
Radiative Consistency of AIRS and MODIS Cloud Retrievals, J. Geophys. Res., 112, D09201, 
doi:10.1029/2006JD007486. (cited by 20) 
http://europa.agu.org/?view=article&uri=/journals/jd/jd0709/2006JD007486/2006JD007486.xml&t=2
007,10.1029/2006JD007486,Kahn  

Kato, H., M. Rodell, F. Beyrich, H. Cleugh, E. van Gorsel, H. Liu, and T. P. Meyers, 2007: Sensitivity of 
Land Surface Simulations to Model Physics, Land Characteristics, and Forcings, at Four CEOP 
Sites, J. Meteor. Soc. Japan, 87A, 187-204, 2007. (cited by 47) 
http://www.jstage.jst.go.jp/article/jmsj/85A/0/85A_187/_article!

 



!

28!
!

L’Ecuyer, T. S. and G. L. Stephens, 2007: The Tropical Oceanic Energy Budget from the TRMM 
Perspective.  Part II: Evaluating GCM Representations of the Sensitivity of Regional Energy and 
Water Cycles to ENSO, J. Climate 20, 4548-4571. (cited by 20) 
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI4207.1 

Liu, W.T., X. Xie, and P.P. Niiler, 2007: Ocean-Atmosphere Interaction over Aqulhas Extension 
Meanders.  J. Climate, 20, 5784-5797 (cited by 41) 
http://journals.ametsoc.org/doi/abs/10.1175/2007JCLI1732.1 

Papa, F., C. Prigent and W. B. Rossow, 2007: Obí River Inundations from Satellite Observations: A 
Relationship with Winter Snow Parameters and River Runoff. J. Geophys. Res., 112, D18103, doi 
10.1029/2007JD008451, (1-11). (cited by 32) 
http://www.agu.org/contents/journals/ViewJournalContents.do?journalCode=JF&days=7&viewBy=d
ate&year=2007&month=Aug&sortBy=pubDate 

 Prigent, C., F. Papa, F. Aires, W. B. Rossow and E. Matthews, 2007: Global Inundation Dynamics 
Inferred from Multiple Satellite Observations, 1993-2000. J. Geophys. Res., 112, D12107, doi: 
1029/2006JD007847, (1-13). http://pubs.giss.nasa.gov/docs/2007/2007_Prigent_etal.pdf (cited by 
157) 

 Romanou, A., B. Liepert, G. Schmidt, W. B. Rossow and Y-C. Zhang, 2007: 20th Century Reduction in 
Surface Solar Irradiance in Simulations and Observations. Geophys. Res. Lett., 34, L05713, doi: 
10.1029/2006GL028356, (1-5). (cited by 61) 
http://pubs.giss.nasa.gov/docs/2007/2007_Romanou_etal.pdf 

Rossow, W. B., J. J. Bates, Y-C. Zhang, K. Knapp, E. Duenas, J. Romanski, 2007: Analyzing the 
Variations of the Global Ocean Energy Cycle. U.S. CLIVAR Variations, 5, 13-15. (cited by 0) 

Waliser, D. E. K. Seo, S. Schubert, E. Njoku,, 2007: Global Water cycle agreement in IPCC AR4 model 
simulations, Geoph. Res. Lett., 34, L16705 (cited by 13 ) 

Schlosser, C. Adam, Paul R. Houser, 2007: Assessing a Satellite-Era Perspective of the Global Water 
Cycle. J. Climate, 20, 1316–1338.doi: http://dx.doi.org/10.1175/JCLI4057.1 (Cited by 48) 
Wentz, F. J, L Ricciardulli, K. A. Hilburn and Carl Mears, 2007:  How Much More Rain will Global 

Warming Bring? Science, 317, 233-235, doi: 10.1126/1140746 (cited by 438) 
http://www.sciencemag.org/content/317/5835/233.abstract?sid=42244e1e-b5bd-4a94-afdc-
c585e4384bb9.   

Xie, X., W. T.  Liu and B. Tang, 2007: Spacebased Estimation of Moisture Transport in Marine 
Atmosphere using Support Vector Machine, Remote Sens. Environ., 112, 1845-1855 (cited by 17)  
http://trs-new.jpl.nasa.gov/dspace/bitstream/2014/40922/1/07-3052.pdf 

Ye, H., E. J. Fetzer, D. H. Bromwich, E. F. Fishbein, E. T. Olsen, S. L. Granger, S. Lee, L. Chen, and 
B. H. Lambrigtsen ,2007:  Atmospheric total precipitable water from AIRS and ECMWF during 
Antarctic summer, Geophys. Res. Lett., 34, (cited by 9) 

Zhang, Y-C., W. B. Rossow and P. W. Stackhouse, 2007: Comparison of Different Global Information 
Sources used in Surface Radiative Flux Calculation: Radiative Properties of the Surface. J. 
Geophys. Res., 112, D01102, doi: 10.1029/2005JD007008, (1-20). (cited by 41) 
http://europa.agu.org/?view=article&uri=/journals/jd/jd0701/2005JD007008/2005JD007008.xml&t=
Zhang,jd 

Zhang, Y-C., W. B. Rossow, P. Stackhouse,  A. Romanou and B. A. Wielicki, 2007: Decadal Variations 
of Global Energy and Ocean Heat Budget and Meridional Energy Transports Inferred from Recent 



!

29!
!

Global Data Sets. J. Geophys. Res., 112, D22101, doi 10.1029/2007JD008435, (1-8). (cited by 15) 
http://europa.agu.org/?view=article&uri=/journals/jd/jd0722/2007JD008435/2007JD008435.xml&t=
Zhang,jd 

 
2008 
Adler, R. F., G. Gu, J.-J. Wang, G. J. Huffman, S. Curtis and D. Bolvin, 2008:  Relationships between 

Global Precipitation and Surface Temperature on Inter-annual and Longer Time Scales (1979-
2006). J. Geophys. Res., 113, D22104, doi:10.1029/2008JD010536. ). (cited by194) 
http://www.agu.org/pubs/crossref/2008/2008JD010536.shtml 

Allan, R. P., and B. J. Soden, 2008: Atmospheric Warming and the Amplification of Precipitation 
Extremes. Science, 321 (5895), 1481-1483. (cited by 382) 
http://www.sciencemag.org/content/321/5895/1481.abstract  

 Betts, A. K., M. A. F. Silva Dias, G. Fisch, C. von Randow, J. C. P. Cohen, R. daSilva, D. R. Fitzjarrald, 
2008: The Amazonian Boundary layer and Mesoscale Circulations. Chapter B3,  Amazonia and 
Global Change (cited by 9) http://alanbetts.com/research/paper/the-amazonian-boundary-layer-
and-mesoscale-circulations/.  

Bosilovich, M. G., J. Chen, F. R. Robertson, R. F. Adler 2008:  Evaluation of Global Precipitation in 
Reanalyses, Journal of Applied Meteorology and Climatology, Volume 47, Issue 9 (September 
2008) pp. 2279-2299 doi/abs/10.1175/2008JAMC1921.1  (cited by 113) 

Fernandes, K., R. Fu and A. K. Betts, 2008: How well does the ERA-40 Surface Water Budget 
Compare to Observations in the Amazon River basin? J. Geophys. Res., vol.113, D11117, 9 PP., 
2008 doi:10.1029/2007JD009220 (cited by 11) 
http://www.agu.org/pubs/crossref/2008/2007JD009220.shtml 

Fetzer, E. J., W. G. Read, D. Waliser, B. H. Kahn, B. Tian, H. Vömel, F. W. Irion, H. Su, A. Eldering, M. 
de la Torre Juarez, J. Jiang and V. Dang, 2008: Comparison of Upper Tropospheric Water Vapor 
Observations from the Microwave Limb Sounder and Atmospheric Infrared Sounder, J. Geophys. 
Res., 113, D22110, doi:10.1029/2008JD010000. (cited by 37) 
http://www.agu.org/pubs/crossref/2008/2008JD010000.shtml 

Frappart, F., F. Papa, J.S. Famiglietti, C. Prigent, W.B. Rossow and F. Seyler, 2008: Interannual 
Variations of River Water Storage from a Multiple Satellite Approach: A Case Study for the Rio 
Negro River Basin. J. Geophys. Res., 113, D21104, doi: 10.1029/2007JD009438 (1-12). (cited by 
59) http://www.agu.org/pubs/crossref/2008/2007JD009438.shtml 

Grecu, M., and W. S. Olson, 2008: Precipitating Snow Retrievals from Combined Airborne Cloud Radar 
and Millimeter-wave Radiometer Observations.  J. Appl. Meteor. and Climatol., 47, 1634-1650. 
(cited by 18) http://journals.ametsoc.org/doi/abs/10.1175/2007JAMC1728.1 

Kay, J., T. L’Ecuyer, A. Gettleman, G. Stephens, and C. O’Dell, 2008: The Contribution of Cloud and 
Radiation Anomalies to the 2007 Arctic Sea Ice Extent Minimum, Geophys. Res. Letters, 35, doi: 
10.1029/2008GL033451. (cited by 154) 
http://www.agu.org/pubs/crossref/2008/2008GL033451.shtml 

Koster, R. D., Z. Guo, P. A. Dirmeyer, R. Yang, and K. Mitchell, 2008: On the Nature of Soil Moisture in 
Land Surface Models.  J. Climate. 22, 4322–4335. (cited by 97)  
http://journals.ametsoc.org/doi/abs/10.1175/2009JCLI2832.1  

Li, J., S. Sorooshian, W. Higgins, X. Gao, B. Imam, and K.-L. Hsu, 2008: Influence of Spatial 



!

30!
!

Resolution on Diurnal Variability During the North American Monsoon. J. Climate, 21(16), 3967-
3988. (cited by 5) http://journals.ametsoc.org/doi/abs/10.1175/2008JCLI2022.1 

Liu, W. T. and X. Xie, 2008: Latent heat flux and ocean-atmosphere water exchanges. Flux News, vol 
5, 19-21, Clivar International Project Office, Southhampton, UK 

Li, J., X. Gao, and S. Sorooshian, 2008: Model Performance of Downscaling 1999-2004 
Hydrometerological Fields to Upper Rio Grande River Basin at Different Forcing Datasets. J. 
Hydrometeor., 9(4), 677-694. (cited by 5)  
http://journals.ametsoc.org/doi/abs/10.1175/2008JHM912.1 

Lin, B.,P. Stackhouse, P. Minnis, B. Wielicki, Y. Hu, W. Sun, T.-F. Fan, and L. Hinkelman,2008: 
Assessment of Global Annual Atmospheric Energy Balance from Satellite Observations, J. 
Geophys. Res.,113, D16114, doi:10.1029/2008JD009869. (cited by 21)  
http://www.agu.org/pubs/crossref/2008/2008JD009869.shtml   

 Minnis, P., C. R. Yost, S. Sun-Mack, and Y. Chen, 2008: Estimating the Physical Top Altitude of 
Optically Thick Ice Clouds from Thermal Infrared Satellite Observations using CALIPSO Data. 
Geophys. Res. Lett., 35, L12801, doi:10.1029/2008GL033947. (cited by 35) 
http://www.agu.org/pubs/crossref/2008/2008GL033947.shtml  

Papa, F., A. Guntner, F. Frappart, C. Prigent and W. B. Rossow, 2008: Variations of Surface Water 
Extent and Water Storage in Large River Basins: A Comparison of Different Global Data Sources, 
Geophys. Res. Lett., 35, L11401, doi: 10.1029/2008GL033857 (1-5). (cited by 35) 
http://www.agu.org/pubs/crossref/2008/2008GL033857.shtml 

Papa, F., C. Prigent and W. B. Rossow, 2008: Monitoring Flood and Discharge Variations in the Large 
Siberian Rivers from a Multi-satellite Technique. Surv. Geophys., 29, 297-317, doi: 
10.1007/s10712-008-9036-0, (1-21). (cited by 25)  http://www.mendeley.com/research/monitoring-
flood-and-discharge-variations-in-the-large-siberian-rivers-from-a-multisatellite-technique/ - page-1 

Schubert, S. D., M. J. Suarez, P. J. Pegion, R. D. Koster, and J. T. Bacmeister, 2008: Potential 
Predictability of Long-term Drought and Pluvial Conditions in the United States Great Plains. J. 
Climate, 21, 802-816. (cited by 32)  http://journals.ametsoc.org/doi/pdf/10.1175/2007JCLI1741.1 

Schwartz, M. J., A. Lambert, G. L. Manney, W. G. Read, N. J. Livesey, L. Froidevaux, C. O. Ao, P. F. 
Bernath, C. D. Boone, R. E. Cofield, W. H. Daffer, B. J. Drouin, E. J. Fetzer, R. A. Fuller, R. F. 
Jarnot, J. H. Jiang, Y. B. Jiang, B. W. Knosp, K. Krueger, J.-L. F. Li, M. G. Mlynczak, S. Pawson, J. 
M. Russell III, M. L. Santee, W. V. Snyder, P. C. Stek, R. P. Thurstans, A. M. Tompkins, P. A. 
Wagner, K. A. Walker, J. W. Waters and D. L. Wu 2008: Validation of the Aura Microwave Limb 
Sounder temperature and geopotential height measurements, J. Geophys. Res., 113, D15S11 
(cited by 169) 

Yan, X., Y. Jo, L. Jiang, Z. Wan, W. T. Liu, Y. Li, J. Zhan, and T. Du. 2008: Impact of the Three Gorges 
Dam Water Storage on the Yangtze River Outflow into the East China Sea, Geophys. Res. Lett., 
35, L05610, doi:10.1029/2007GL032908. (cited by 7) 
http://www.agu.org/pubs/crossref/2008/2007GL032908.shtml 

Zhang, Y., W. B. Rossow, P. Stackhouse, A. Romanou and B.A. Wielicki, 2008: Implication from 
Recent Global Datasets about Decadal Variations of Global Energy and Ocean Heat Budget and 
Meridional Energy Transports, Flux News, 5, 16-18.    

 
2009 



!

31!
!

Behrangi A., K. Hsu, B. Imam, S. Sorooshian, G. Huffman, and R. J. Kuligowski, 2009: PERSIANN-
MSA: A Precipitation Estimation Method from Satellite-based Multi-spectral Analysis, J. 
Hydromet,10(6), 1414-1429. (cited by 26)  
http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1139.1 

Bellerby, T., K. Hsu, and S. Sorooshian, 2009: LMODEL: A Satellite Precipitation Algorithm Using 
Cloud Development Modeling and Model Updating. Part I: Model Development and Calibration, J. 
Hydromet., 10(5), 1081-1095 (cited by 15)  
http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1091.1  

Bosilovich, M. G.,  D. Mocko, J. O. Roads, A. Ruane, 2009: A Multimodel Analysis for the Coordinated 
Enhanced Observing Period (CEOP). J. Hydromet, 10, 912-934, doi: 10.1175/2009JHM1090.1 
(cited by14)  http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1090.1 

Boushaki, F.I., K. Hsu, G-H Park, S. Mahani, and S. Sorooshian, 2009: Bias Adjustment of Satellite 
Precipitation Estimation Using Ground Measurement: A Case Study over the Southwestern U.S., J. 
Hydromet., 10(5), 1231-1242 (cited by 18)  
http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1099.1 

Grecu, M., W. S. Olson, C.-L. Shie, T. S. L’Ecuyer, and W.-K. Tao, 2009: Combining Satellite 
Microwave Radiometer and Radar Observations to Estimate Atmospheric Latent Heating Profiles, 
J. Climate, 22, 6356-6376. (cited by14)  
http://journals.ametsoc.org/doi/abs/10.1175/2009JCLI3020.1 

Jiang, X., D. E. Waliser, W. S. Olson, W.-K. Tao, T. S. L’Ecuyer, S. Shige, K.-F. Li, Y. L. Yung, S. Lang, 
and Y. N. Takayabu, 2011: Vertical diabatic heating structure of the MJO: Intercomparisons 
between recent reanalyses and the TRMM estimates. Mon. Wea. Rev., 139, 3208-3223. (cited 
by15) 

Hilburn, K. A, 2009: The Passive Microwave Water Cycle Product, Report number 072409, Remote 
Sensing Systems, Santa Rosa, CA, 30 pp. (cited by 2) 
http://www.remss.com/papers/water_cycle/Hilburn_water_cycle_REMSS_TR_072409.pf 

Hsu, K., T. Bellerby, and S. Sorooshian, 2009: LMODEL: A Satellite Precipitation Algorithm Using 
Cloud Development Modeling and Model Updating. Part II: Model Updating, J. Hydromet, 10(5), 
1096-1108. (cited by14)   http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1091.1 

Huffman, G. J., R. F. Adler, D. T. Bolvin, and G. Gu, 2009: Improving the Global Precipitation Record: 
GPCP Version 2.1, Geophys. Res. Lett., 36, L17808, doi:10.1029/2009GL04000 (cited by 194)  
http://europa.agu.org/?view=article&uri=/journals/gl/gl0917/2009GL040000/2009GL040000.xml&t=I
mproving the Global Precipitation Record: GPCP Version 2.1 

John, V. O., R. P. Allan, B. J. Soden, 2009: How Robust are Observed and Simulated Precipitation 
Responses to Tropical Ocean Warrming?. Geosphys. Res. Lett. 36, L14702, 
doi:10.1029/2009GL038276 (cited by 34)  
http://europa.agu.org/?view=article&uri=/journals/gl/gl0914/2009GL038276/2009GL038276.xml&t=
How Robust are Observed and Simulated Precipitation Responses to Tropical Ocean ,gl 

Kahn, Brian H., et al. 2009:.Cloudy and clear-sky relative humidity in the upper troposphere observed 
by the A-train." J. Geophy. Res: Atmos. (1984–2012) 114.D4 (2009).(cited by 17) 

Myoung, B., and Y. Deng, 2009: Interannual Variability of the Cyclonic Activity Along the U.S. Pacific 
Coast: influences on the Characteristics of Winter Precipitation in the Western United States. J. 
Climate, 22, 5732-5747. (cited by 8)   http://journals.ametsoc.org/doi/abs/10.1175/2009JCLI2889.1 



!

32!
!

Rodell, M., I. Velicogna, and J. S. Famiglietti, 2009: Satellite-based Estimates of Groundwater 
Depletion in India, Nature, 460, 999-1002, doi:10.1038/460789a. (cited by 431)   
http://www.nature.com/nature/journal/v460/n7258/full/nature08238.html 

Rossow, W. B., 2009: Increasing Greenhouse Gases Impact Local Water Supplies. GEWEX NEWS, 
19, 10-12.  

Santanello, J. A., C. Peters-Lidard, S. Kumar, C. Alonge, and W.-K. Tao, 2009:  A modeling and 
observational framework for diagnosing local land-atmosphere coupling on diurnal time scales.  J. 
Hydrometeor., 10, 577-599. (cited by 55)   
http://journals.ametsoc.org/doi/abs/10.1175/2009JHM1066.1 

Sapiano, M. R., P, Arkin, 2009: An intercomparison and validation of high-resolution satellite 
precipitation estimates with 3-hourly gauge data, J. Hydrometeor., 10(1), 149-166 (cited by 110)  
http://journals.ametsoc.org/doi/abs/10.1175/2008JHM1052.1 

Sheffield, J., C. R. Ferguson, T. J. Troy, E. F. Wood, and M. F. McCabe, 2009: Closing the terrestrial 
water budget from satellite remote sensing, Geophys. Res. Lett., 36, L07403, 
doi:10.1029/2009GL037338 (cited by 46)  
http://www.agu.org/pubs/crossref/2009/2009GL037338.shtml 

Shige, S., Y. N. Takayabu, S. Kida, W.-K. Tao, X. Zeng, C. Yokoyama, and T. L’Ecuyer, 2009: Spectral 
retrieval of latent heating profiles from TRMM PR data. Part IV: Comparisons of lookup tables from 
two- and three-dimensional cloud-resolving model simulations, J. Climate, 22, 5577-5594. (cited by 
11)  http://journals.ametsoc.org/doi/abs/10.1175/2009JCLI2919.1?journalCode=clim 

Torre Juárez, M. de la, B. H. Kahn, E. J. Fetzer, 2009: Cloud-type dependencies of MODIS and AMSR-
E liquid water path differences. Atmos.  Chem. Phys. 9, 3367-3399 (cited by 3)   http://www.atmos-
chem-phys-discuss.net/9/3367/2009/acpd-9-3367-2009.html 

van der Velde, R., Z. Su, M. Ek, M. Rodell, and Y. Ma, 2009:  Influence of thermodynamic soil and 
vegetation parameterizations on the simulation of soil temperature states and surface fluxes by the 
Noah LSM over a Tibetan plateau site, Hydrol. Earth Syst. Sci., 13, 759–777. (cited by 6)  
http://www.hydrol-earth-syst-sci.net/13/759/2009/hess-13-759-2009.pdf 

Waliser, D. E., B. Tian, X. Xie, W. T. Liu, M. J. Schwartz, and E. J. Fetzer, 2009: How well can satellite 
data characterize the water cycle of the Madden-Julian Oscillation? Geophys. Res. Lett., 36, 
L21803, doi:10.1029/2009GL040005; (cited by7)  
http://www.agu.org/pubs/crossref/2009/2009GL040005.shtml 

Ye, H., and E. J. Fetzer, 2009:, Atmospheric moisture content associated with surface air temperatures 
over northern Eurasia, Int. J. Hydrology (cited by 6) 

Yunck, T. P., J. Fetzer, A. M. Mannucci, C. O. Ao, F. W. Irion, B. D. Wilson, G. J. M Manipon 2009: 
Use of radio occultation to evaluate atmospheric temperature data fom spaceborne infrared 
sensors, Terrestrial Atmospheric And Oceanic Sciences, 20, 71 (cited by 5)  

Zaitchik, B. F., and M. Rodell, 2009: Forward-looking assimilation of MODIS-derived snow covered 
area into a land surface model, J. Hydrometeor. 10 (1), 130-148. (cited by 6)      
http://journals.ametsoc.org/doi/abs/10.1175/2008JHM1042.1 

Zeng, L., P. Shi, W. T. Liu, and D. Wang, 2009: Evaluation of a satellite-derived latent heat flux product 
in the South China Sea: A comparison with moored buoy data and various products. Atmos. Res., 
94, 91-105; (cited by 21)  http://www.sciencedirect.com/science/article/pii/S0169809508003517 

Zeng, X., W.-K. Tao, M. Zhang, A. Y. Hou, S. Xie, S. Lang, X. Li, D. Starr, X. Li, and J. Simpson, 2009: 



!

33!
!

An indirect effect of ice nuclei on atmospheric radiation. J. Atmos. Sci., 66, 41-61. (cited by 26)  
http://journals.ametsoc.org/doi/abs/10.1175/2008JAS2778.1 

  
Zeng, X., W.-K. Tao, M. Zhang, A. Y. Hou, S. Xie, S. Lang, X. Li, D. Starr, and X. Li, 2009: A 

contribution by ice nuclei to global warming. Quart. J. Roy. Meteor. Soc., 135, 1614-1629. (cited by 
24)  http://kiwi.atmos.colostate.edu/pubs/i1520-0469-66-1-41.pdf 

  
 2010 
Allan, R.P., B.J. Soden, V.O. John, W. Ingram, and P. Good, 2010: Current changes in tropical 

precipitation. Envir. Res. Lett., *5, *doi: 10.1088/1748-9326/5/2/025205 (cited by 61) 
Behrangi, A., K. Hsu, B. Imam, S. Sorooshian, 2010: Daytime Precipitation Estimation Using Cloud 

Segmentation and Bi-spectral Cloud Classification System, Journal of Applied Meteorology and 
Climatology, IPWG special issue, 1015-1031 (cited by 10) 

Bourassa, M. A., S. T. Gille, D l. Jackson, J. B. Roberts, G. A. Wick , 2010: Oceans Winds and 
Turbulent Air-Sea Fluxes Inferred from Remote Sensing, Oceanography, vol 23, Number 4 (cited 
by 14) 

Chu, W., X. Gao, and S. Sorooshian 2010: Improving the shuffled complex evolution scheme for 
optimization of complex nonlinear hydrological systems: Application to the calibration of the 
Sacramento soil-moisture accounting model, Water Resour. Res., 46, W09530, 
doi:10.1029/2010WR009224. (cited by 13) 

Chung, E.-S., D. Yeomans, and B. J. Soden, 2010: An assessment of climate feedback processes 
using satellite observations of clear-sky OLR, Geophy Res Lett, vol. 37, L02702, 
doi:10.1029/20009GL041889. (cited by 9)  

Couhert, A., T. Schneider, J-L. Li, D. E. Waliser, A. M. Tompkins, 2010: The Maintenance of the 
Relative Humidity of the Subtropical Free Troposphere, J. Climate, Vol. 23, Issue 2, pp. 390-403. 
(cited by 18) 

Dong, X., B. Xi, K. Crosby,C. N. Long, R. S. Stone, and M. D. Shupe, 2010: A 10 year climatology of 
Arctic cloud fraction and radiative forcing at Barrow, Alaska, J. Geophys. Res., 115, D17212, 
doi:10.1029/2009JD013489. (cited by 27) 

Gu, G. and R. F. Adler, 2010: Precipitation and temperature variations on the inter-annual time scale: 
Assessing the impact of ENSO and volcanic eruptions. J. Climate, (cited by 18) 

Jackson, D. L.,and G. A. Wick, 2010: Near-surface air temperature retrieval derived from AMSU-A and 
sea surface temperature observations. J. Atmos. Oceanic Technol, 27, 1769-1776 doi: 
10.1175/2010JTECHA1414.1 (cited by 11) 

Kato, S., S. Sun-Mack, W. F. Miller, F. G. Rose, Y. Chen, P. Minnis, and B. A. Wielicki, 2010: 
Relationships among cloud occurrence frequency, overlap, and effective thickness derived from 
CALIPSO and CloudSat merged cloud vertical profiles, J. Geophys. Res., 115, D00H28, 
doi:10.1029/2009JD012277. (cited by 21) 

Kennedy, A, X. Dong, B. Xi, P. Minnis, A. Del Genio, A. Wolf and M. Khaiver, 2010: Evaluation of the 
NASA GISS single column model simulated clouds using combined surface and satellite 
observations. J. Climate., doi: 10.1175/2010JCLI3353.1 (cited by 11) 

L'Ecuyer, T. S. and G. McGarragh, 2010: A ten year climatology of atmospheric radiative heating and 



!

34!
!

its vertical structure from TRMM observations, J. Climate, vol. 23, 591-541 (cited by ?) 
L'Ecuyer,T. and J.H. Jiang, 2010: Touring the Atmosphere Aboard the A-Train, Physics Today, July 

2010, featured article, pps.36-41(cited by 62) 
Lin, B., L. Chambers, P. Stackhouse Jr., B. Wielicki, Y. Hu, P. Minnis, N. Loeb, W. Sun, G. Potter, Q. 

Min, G. Schuster, and T.-F. Fan 2010: Estimations of climate sensitivity based on top-of-
atmosphere radiation imbalance, Atmos. Chem. Phys., 10, 1923-1930. (cited by 9)  

Masunaga, H. and T. S. L'Ecuyer, 2010: "The Southeast Pacific Warm Band and Double ITCZ", J. 
Climate 23, 1189-1208 (cited by 8) 

Ozdogan, M., M. Rodell, H. K. Beaudoing, and D. Toll, 2010:, Simulating the effects of irrigation over 
the U.S. in a land surface model based on satellideriveagricultural data, J. Hydrometeorol., doi: 
10.1175/2009JHM1116.1. (cited by 37)  

Papa, F., C. Prigent, F. Aires, C. Jimenez, W. B. Rossow, and E. Matthews 2010: Interannual variability 
of surface water extent at the global scale, 1993-2004, J. Geophys. Res., 115, D12111, 
doi:10.1029/2009JD012674. (cited by 72) 

Schlosser, C. A. and X. Gao, 2010: Assessing evapotranspiration estimates from the Global Soil 
Wetness Project Phase 2 (GSWP-2) simulations, J. Hydrometeorol., 11(4): 880-897, 2010 (cited by 
14) 

Sheffield, Justin, Eric F. Wood, Francisco Munoz-Arriola, 2010: Long-term regional estimates of 
evapotranspiration for Mexico based on downs:caled ISCCP data, J. Hydromet., 11: 253-275 (cited 
1 by 9 ) 

Syed, T. H., J. S. Famiglietti, D. P. Chambers, J. K. Willis, and K. Hilburn, 2010: Satellite-based global-
ocean mass balance estimates o and emerging trends in continental freshwater discharge, PNAS, 
107 (42) 17916-17921; 2010,doi:10.1073/pnas.1003292107 (cited by 33) 

Xi, B., X. Dong, P. Minnis, and M. M. Khaiyer 2010: A 10 year climatology of cloud fraction and vertical 
distribution derived from both surface and GOES observations over the DOE ARM SPG site, J. 
Geophys. Res., 115, D12124, doi:10.1029/2009JD012800. (cited by 24) 

Zaitchik, B. F., M. Rodell, and F. Olivera 2010: Evaluation of the Global Land Data Assimilation System 
using global river discharge data and a source-to-sink routing scheme, Water Resources., 46, 
W06507, doi:10.1029/2009WR007811 (cited by 25) 

Zhang, Y., C. N. Long, W. B. Rossow, and E. G. Dutton 2010: Exploiting diurnal variations to evaluate 
the ISCCP-FD flux calculations and radiative-flux-analysis-processed surface observations from 
BSRN, ARM, and SURFRAD, J. Geophys. Res., 115, D15105 (cited by 8) 

Entekhabi, D. R. H. Riechle, R.D. Koster, and W. Crow, 2010: Performance Metrics for Soil Moisture 
Retrievals and Applications Requirements. J. Hydrometeorology, Vol. 11, pp 832 - 840. (cited by 
43)  

Lin, Bing, P. Minnis, T.-F. Fan , Y. Hu, , and W. Sun, 2010: Radiation Characteristics of Low and High 
Clouds in Different Oceanic Regions Observed by CERES and MODIS, International J. Remote 
Sensing, 31:24, 6473-6492  (cited by 2 )  

Roberts, J. B., C. A. Clayson, F. R. Robertson, and D. L. Jackson 2010: Predicting near-surface 
atmospheric variables from Special Sensor Microwave/Imager using neural networks with a first-
guess approach, J. Geophys. Res., 115, D19113, doi:10.1029/2009JD013099. (cited by 19)  

Rossow, William B., Yuanchong Zhang, 2010: Evaluation of a Statistical Model of Cloud Vertical 



!

35!
!

Structure Using Combined CloudSat and CALIPSO Cloud Layer Profiles. J. Climate, 23, 6641–
6653. doi: 10.1175/2010JCLI3734.1 (cited by 9)  

Stephens, G. L., T. L’Ecuyer, R. Forbes, A. Gettleman, C. Golaz, K. Suzuki, P. Gabriel, and J. Haynes, 
2010: The dreary state of precipitation in global models”, J. Geophys. Res. 115, 
doi:10.1029/2010JD014532 (cited by 92)  

Vinukollu, Wood, Ferguson and Fisher, Global Estimates of Evapotranspiration for Climate Studies 
using Multi-Sensor Remote Sensing Data: Evaluation of Three Process-Based Approaches, 
Remote Sens. Env., 115(3), doi: 10.1016/j.rse.2010.11.006, 2010) (cited by 80) 

Winker, D. M., J. Pelon, J. A. Coakley Jr., S. A. Ackerman, R. J. Charlson, P. R. Colarco, P. Flamant, 
A. Fu, R. M. Hoff, C. Kittaka, T. L. Kubar, H. Le Treut, M. P. Mccormick, G. Megie, L. Poole, K. 
Powell, C. Trepte, M. A. Vaughan, and B. A. Weilicki, The CALIPSO Mission, 2010: The CALIPSO 
Mission: A Global 3D View of Aerosols and Clouds. AMS/BAMS, September 2010, pp 1211 – 1229 
(cited by 157)  

Zhang, C., J. Ling, S. Hagos, W.-K. Tao, S. Lang, Y. N. Takayabu, S. Shige, M. Katsumata, W. S. 
Olson, T. L’Ecuyer, 2010: MJO Signals in Latent Heating: Results from TRMM Retrievals, J. 
Climate 67, 3488-3508. (cited by 17) 

 
2011 
Teppei J. Yasunari, Randal D. Koster, K.-M. Lau, Teruo Aoki, Yogesh C. Sud, Takeshi Yamazaki, 

Hiroki Motoyoshi, and Yuji Kodama, 2011: Influence of Dust and Black Carbon on the Snow Albedo 
in the NASA GEOS-5 Land Surface Model. J. Geophys. Res. VOL. 116, D02210, 15 PP., 
doi:10.1029/2010JD014861 (cited by 17 ) 

Jiang, X., D. E. Waliser, W. S. Olson, W.-K. Tao, T. S. L’Ecuyer, S. Shige, K.-F. Li, Y. L. Yung, S. Lang, 
and Y. N. Takayabu, 2011: Vertical diabatic heating structure of the MJO: Intercomparisons 
between recent reanalyses and the TRMM estimates. Mon. Wea. Rev., 139, 3208-3223.(cited by 
17) 

Santanello et. al, 2011: Results from Local Land-Atmosphere Coupling (LoCo) Project, GEWEX News 
Stöckli, R., T. Rutishauser, I. Baker, M. A. Liniger, and A. S. Denning 2011: A global reanalysis of 

vegetation phenology, J. Geophys. Res., 116, G03020 doi:10.1029/2010JG001545. (cited by 28 ) 
Barker, H. W., M. P. Jerg, T. Wehr, S. Kato, D. P. Donovan, and R. J. Hogan, 2011: A 3D cloud-

construction algorithm for the EarthCARE satellite mission, Q. J. R. Meteorol. Soc., 137, 1042-
1058 (cited by 12) 

Bosilovich, M. G, F. R. Robertson and J. Chen, 2011: Global Energy and Water Budgets in MERRA, J. 
Climate doi: 10.1175/2011JCLI4175.1 (cited by 57) 

Brunke, M. A. Z. Wang, X. Zeng, M. Bosilovich, C-L. Shie, 2011: An assessment of the uncertainties in 
ocean surface turbulent fluxes in 11 reanalysis, satellite-derived, and combined global data sets. J. 
Climate, (cited by 25) 

Dong, X., B. Xi, A. Kennedy, Z. Feng, J. Entin, P. Houser, B. Schiffer, W. Olson, T. L’Ecuyer, T. Liu, K-
L Hsu, B. Lin, Y. Deng, and T. Jiang,  2011: Investigation the 2006 Drought and 2007 Flood 
Extreme Events at the Southern Great Plains through an Integrative Analysis of Observations. J. 
Geophys. Res. 116, D03204, doi:10.1029/2010JD014776 (cited by 16) 

Famiglietti, J. S., M. Lo, S. L. Ho, K. J. Anderson, J. Bethune, T. H. Syed, S. C. Swenson, C. R. de 



!

36!
!

Linage and M. Rodell, 2011: Satellites Measure Recent Rates of Groundwater Depletion in 
California's Central Valley, Geophys. Res. Lett., 38, L03403, doi:10.1029/2010GL046442 (cited by 
81) 

Grecu, M., L. Tian, W. S. Olson, and S. Tanelli, 2011: A robust dual-frequency radar profiling algorithm. 
J. Appl. Meteor. and Climatol., 50, 1543-1557 (cited by 71) 

Gu, G., R. F. Adler, 2011: Precipitation and Temperature Variations on the Interannual Time Scale: 
Assessing the Impact of ENSO and Volcanic Eruptions. J. Climate, 24, 2258–2270. doi: 
10.1175/2010JCLI3727.1 (cited by 18 ) 

Kustu, D., Y. Fan, and M. Rodell, Possible link between irrigation in the US High Plains and increased 
summer streamflow in the Midwest, 2011: Water. Resour. Res., 47, W03522, 
doi:10.1029/2010WR010046, (cited by 14) 

Liming Li, X. Jiang, Moustafa, T Chahine, E. T Olsen, E.J. Fetzer, L Chen and Y. L Yun, 2011: The 
recycling rate of atmospheric moisture over the past two decades (1988–2009) Environ. Res. 
Lett. 6, 034018  doi:10.1088/1748-9326/6/3/034018 (cited by 6) 

Masunaga, H. and T. S. L’Ecuyer, 2011: Equatorial Asymmetry of the East Pacific ITCZ: Observational 
Constraints on the Underlying Processes, J. Climate 24, 1784-1800 (cited by 329) 

Mueller, B. S.I. Seneviratne, C Jimenez, T Corti, M Hirschi, G Balsamo, P Ciais, P Dirmeyer, J.B. 
Fisher, Z.uo, M Jung, F Maignan, M.F. McCabe, R. Reichle, M. Reichstein, M. Rodell, J. Sheffield, 
A.J. Teuling, K. Wang, E. .F Wood, and Y. Zhang. 2011: Evaluation of global observations based 
evapotranspiration datasets and IPCC AR4 simulations Geophys. Res. Letts. 38, L06402, 
doi:10.1029/2010GL046230,2011 (cited by 78) 

Robertson, F. R., M. G. Bosilovich, J. Chen, T. L. Miller, 2011: The Effect of Satellite Observing System 
Changes on MERRA Water and Energy Fluxes. J.Climate (cited by 57) 

Su Z, Roebeling R A, Schulz J, Holleman I, Levizzani V, Timmermans WJ, Rott H, Mognard-Campbell 
N, de Jeu R, Wagner W, Rodell M, Salama MS, Parodi GN and Wang L (2011) (cited by 12)  

Observation of Hydrological Processes Using Remote Sensing. In: Peter Wilderer (ed.) Treatise on 
Water Science, vol. 2, pp. 351–399 Oxford: Academic Press. (cited by 5)  

Vinukollu, R. K., Meynadier, R., Sheffield, J. and Wood, E. F. 2011: Multi-model, multi-sensor estimates 
of global evapotranspiration: climatology, uncertainties and trends. Hydrol. Process. 25: 3993–
4010. doi: 10.1002/hyp.8393 (cited by 24) 

Waliser, D., J.-L. F. Li, T. L’Ecuyer, W.-T. Chen, and W.-L. Lee, 2011: Radiative Impact of Precipitating 
Ice: An Often Ignored Process in Global Climate Models, Geophys. Res. Letters 38, 
doi:10.1029/2010GL046478 (cited by 21) 

 
2012 
Mishra, V., F. Dominguez, and D. P. Lettenmaier, 2012: Urban precipitation extremes: how reliable are 

regional climate models?, Geophys. Res. Letts, 39, L03907 (cited by 9) 
 
Cullather, R. I., M. Bosilovich, 2012: The Energy Budget of the Polar Atmosphere in MERRA. J. 

Climate (cited by 15) 
 
Tang, Q., and D. P. Lettenmaier, 2012: 21st Century Runoff Sensitivities of Major Global River Basins, 

Geophys. Res. Lett., 39, L06403 (cited by 16) 



!

37!
!

 
Liu, Jiping, J. Curry, H. Want, and M. Song, 2012: Impact of Declining Arctic Sea Ice on Winter 

Snowfall, submitted to Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, 
100029 China, (PNAS) (cited by 90) 

 
Roberts, J. B., F. R. Robertson, C. A. Clayson, and M. G. Bosilovich, 2011: Characterization of 

turbulent latent and sensible heat flux exchange between the atmosphere and ocean in MERRA. J. 
Climate (cited by 5) 

 
Bailing Li , , M. Rodell, B. F. Zaitchik, R. H. Reichle, R. D. Koster, T. M. van Dam , 2012: Assimilation of 

GRACE Terrestrial Water Storage into a Land Surface Model: Evaluation and Potential Value for 
Drought Monitoring in Western and Central Europe. j.hydrol.2012.04.035 (cited by 12) 

 
Decker, M., M. A. Brunke, Z. Wang, K. Sakaguchi, X. Zeng, M. G. Bosilovich, 2012: Evaluation of the 

Reanalysis Products from GSFC, NCEP, and ECMWF Using Flux Tower Observations. J. Climate, 
Vol. 25, Iss. 6, pp. 1916–1944. (cited by 22 ) 

 
Wu, M-L C., O. Reale, S. D. Schubert, M. J. Suarez, C. D. Thorncroft 2012: African Easterly Jet: 

Barotropic Instability, Waves and Cyclogenesis. J. Climate (cited by 4) 
 
Zib, B. J. , X. Dong, B. Xi, and A. Kennedy, 2012: Evaluation and Intercomparison of Cloud Fraction 

and Radiative Fluxes in Recent Reanalyses over the Arctic using BSRN Surface Observations. J. 
Climate, Vol. 25, Iss. 7, pp. 2291–2305. (cited by 7) 

 
Mahanama, S. P., B. Livneh, R. D. Koster, D. P. Lettenmaier, and R. H. Reichle, 2012: Soil Moisture, 

Snow, and Seasonal Streamflow Forecasts in the United States, J. Hydrometeorol.,13, 189-203. 
(cited by 22 ) 

 
Yearsley, J., 2012: A grid based approach for simulating streamflow temperature, Water Resour. 

Res.,48, W03506, doi:10.1029/2011WR011515 (cited by 8) 
 
 
Xia, Y., K. Mitchell, M. Ek, J. Sheffield, B. Cosgrove, E. F. Wood, L. Luo, C. Alonge, H. Wei, J. Meng, 

B. Livneh, D. Lettenmaier, V. Koren, Q. Duan, K. Mo, Y. Fan, D. Mocko, 2012: Continental-Scale 
Water and Energy Flux Analysis and Validation for the North American Land Data Assimilation 
System Project Phase 2 (NLDAS-2): 1. Intercomparison and Application of Model Products, J. 
Geophys. Res., 117, D03109, doi:10.1029/2011JD016048. (cited by 52)    

 
Vinukollu, R. K., J. Sheffield, E. F. Wood, M. Bosilovich, and D. Mocko, 2012: Multimodel analysis of 

Energy and Water Fluxes: Intercomparisons between Operational Analyses, a Land Surface Model 
and Remote Sensing, J. Hydromet., 13(1), 3-26, doi:10.1175/2011JHM1372.1. (cited by 10) 

 
Stephens, G. L., M. Wild, P. W. Stackhouse, T. L’Ecuyer, S. Kato, D. S. Henderson, 2012: The Global 

Character of the Flux of Downward Longwave Radiation. J. Climate, 25, 2329–2340 (cited by 21) 
 
Tang, Q., and D. P. Lettenmaier, 2012: 21st century runoff sensitivities of major global river basins, 

Geophys. Res. Lett., 39, L06403. (cited by 16) 
 



!

38!
!

Tang, Q., E. R. Vivoni, F. Munoz-Arriola, and D. P. Lettenmaier, 2012: Predictability of 
evapotranspiration patterns using remotely-sensed vegetation dynamics during the North American 
monsoon, J. Hydrometeorol., 13, 103-121 (cited by 12) 

Sheffield, Justin, Ben Livneh, Eric F. Wood, 2012: Representation of Terrestrial Hydrology and Large-
Scale Drought of the Continental United States from the North American Regional Reanalysis. J. 
Hydrometeor, 13, 856–876. doi: http://dx.doi.org/10.1175/JHM-D-11-065.1 (cited by 4) 

Sheffield, J., E. F. Wood, and M. L. Roderick, 2012: Little change in global drought over the past 60 
years. Nature, 491, 435-438. doi:10.1038/nature11575. (cited by 98) 

Gu, G., R.F. Adler, 2012: Interdecadal variability/long-term changes in global precipitation patterns 
during the past three decades: global warming and/or pacific decadal variability? Clim. Dyn. (cited 
by 8) 

Gao, H., C. Birkett, and D.P. Lettenmaier, 2012: Global monitoring of large reservoir storage from 
satellite remote sensing, Water Resources Research 48, W09504, doi: 10.1029/2012WR012063. 
(cited by 8) 

Chambers, D. P.J. L. Chen, R. S. Nerem, and B. D. Tapley 2012: Interannual Sea Level Change and 
the Earth's Water Mass Budget, Geophys. Res. Ltrs, 27, 3073-3076, 2000  (cited by 25) 

Chang, Yehui, Siegfried Schubert, Max Suarez, 2012: Attribution of the Extreme U.S. East Coast 
Snowstorm Activity of 2010. J. Climate, 25, 3771–3791.doi: http://dx.doi.org/10.1175/JCLI-D-11-
00353.1 (cited by 2) 

 
Stephens, Graeme L, J. Li, M. Wild, C.A. Clayson, N. Loeb, S. Kato, T. L'Ecuyer, P.W. Stackhouse Jr, 

M. Lebsock T. Andrews, 2012:  An update on Earth's energy balance in light of the latest global 
observations, Nature Geoscience pp691-696 (cited by 40) 

Houborg, R., M. Rodell, B. Li, R.Reichle, and B. F. Zaitchik 2012: Drought indicators based on model-
assimilated Gravity Recovery and Climate Experiment (GRACE) terrestrial water storage 
observations, Water Resour. Res., 48, W07525, doi:10.1029/2011WR011291) (cited by 15) 

 
2013 
 
 Voss, K. A., J. S. Famiglietti, M. Lo, C. de Linage, M. Rodell, and S. C. Swenson 2013: Groundwater 

depletion in the Middle East from GRACE with implications for trans-boundary water management 
in the Tigris-Euphrates-Western Iran region, Water Resour. Res., 49, doi:10.1002/wrcr.20078. 
(cited by 13) 

J. S. Famiglietti, M. Rodell. Water in the Balance. Science, 2013: 340 (6138): 1300 DOI: 
10.1126/science.1236460  (cited by 9)  

Lo, M.-H., and J. S. Famiglietti 2013: Irrigation in California's Central Valley strengthens the 
southwestern U.S. water cycle, Geophys. Res. Lett., 40, 301–306, doi:10.1002/grl.50108. (cited by 
8) 

Wang, S.-Y., J.-H. Yoon, R. R. Gillies, and C. Cho, 2013: What caused the winter drought in western 
Nepal during recent years? J. Climate, doi: 10.1175/JCLI-D-12-00800.1 (cited by 2) 



!

39!
!

Wang, S.-Y., B. Buckley, J.-H. Yoon and B. Fosu. 2013: Intensification of pre-monsoon tropical 
cyclones in the Bay of Bengal and its impacts on Myanmar. J. Geophysical Research, doi: 
10.1002/lrd.50396. (cited by 2) 

Wang, S.-Y., R. R. Gillies, and H. van den Dool, 2013: On the yearly phase delay of winter 
intraseasonal mode in the western United States. Climate Dynamics, DOI: 10.1007/s00382-013-
1784-y  (cited by 0) 

Young, A. H., J. J. Bates, and J. A. Curry 2013: Application of cloud vertical structure from CloudSat to 
investigate MODIS-derived cloud properties of cirriform, anvil, and deep convective clouds, J. 
Geophys. Res. Atmos., 118, 4689–4699, doi:10.1002/jgrd.50306. (cited by 0 ) 

Rapp, Anita, Matthew Lebsock and Tristan L'Ecuyer, 2013: Low cloud precipitation climatology in the 
southeastern Pacific marine stratocumulus region using CloudSat, Environ. Res. Lett. 8 014027 
doi:10.1088/1748-9326/8/1/014027. (cited by 1) 

Harrison, K. W., S. V.Kumar, C. D.Peters-Lidard, and J. A.Santanello 2012: Quantifying the change in 
soil moisture modeling uncertainty from remote sensing observations using Bayesian inference 
techniques, Water Resour. Res., 48, W11514, doi:10.1029/2012WR012337. (cited by 2) 

Stephens, G L., J. Li, M. Wild, C. A. Clayson, N. Loeb, S. Kato, T. L’Ecuyer, P. W. Stackhouse Jr, M. 
Lebsock and T. Andrews, 2012: An update on Earth’s energy balance in light of the latest global 
observations  Nature Geoscience Progress Article. (cited by 40) 

Kato, Seiji, Norman G. Loeb, Fred G. Rose, David R. Doelling, David A. Rutan, Thomas E. Caldwell, 
Lisan Yu, Robert A. Weller, 2013: Surface Irradiances Consistent with CERES-Derived Top-of-
Atmosphere Shortwave and Longwave Irradiances. J. Climate, 26, 2719–2740. (cited by 8 ) 

Getirana, A. C. V. and Peters-Lidard, C., 2013: Estimating water discharge from large radar altimetry 
datasets, Hydrol. Earth Syst. Sci., 17, 923-933, doi:10.5194/hess-17-923-2013 (cited by 3) 

Mohr, K.I, W.-K. Tao, J.-D. Chern, S.V. Kumar, C.D. Peters-Lidard, 2013:  The NASA-Goddard Multi-
scale Modeling Framework-Land Information System: Global land/atmosphere interaction with 
resolved convection, Environmental Modeling and Software, 39, pp 103--115, 
doi:10.1016/j.envsoft.2012.02.023  (cited by 5) 

Zaitchik, Benjamin F., Joseph A. Santanello, Sujay V. Kumar, Christa D. Peters-Lidard, 2013: 
Representation of Soil Moisture Feedbacks during Drought in NASA Unified WRF (NU-WRF). J. 
Hydrometeor, 14, 360–367.doi: http://dx.doi.org/10.1175/JHM-D-12-069.1  (cited by 5) 

Trammell, J. H., X. Jiang, L. Li, M. Liang, M. Li, J. Zhou, E. Fetzer,Y.L. Yung, 2013: Investigation of 
Precipitation over Wet and Dry Areas from Observation and Model, J.  Atmos., Sci, (submitted) 

Randles, C. A., Kinne, S., Myhre, G., Schulz, M., Stier, P., Fischer, J., Doppler, L., Highwood, E., 
Ryder, C., Harris, B., Huttunen, J., Ma, Y., Pinker, R. T., Mayer, B., Neubauer, D., 
Hitzenberger, R., Oreopoulos, L., Lee, D., Pitari, G., Di Genova, G., Quaas, J., Rose, F. G., 
Kato, S., Rumbold, S. T., Vardavas, I., Hatzianastassiou, N., Matsoukas, C., Yu, H., Zhang, F., 
Zhang, H., and Lu, P. 2013:  Intercomparison of shortwave radiative transfer schemes in global 
aerosol modeling: results from the AeroCom Radiative Transfer Experiment, Atmos. Chem. Phys., 
13, 2347-2379, doi:10.5194/acp-13-2347 2013. (cited by 13) 

Tian, Y., G. J. Huffman, R. F. Adler, L. Tang, M. Sapiano, V. Maggioni, and H. Wu 2013: Modeling 
Errors in Daily Precipitation Measurements: Additive or Multiplicative?. Geosphysical Research 
Letters, 6.10.1002/grl.50320 (cited by 4) 



!

40!
!

Guan, B., D. E. Waliser, J.-L. F. Li, and A. da Silva, 2013: Evaluating the impact of orbital sampling on 
satellite—climate model comparisons. J. Geophys. Res., 118, 355-369. 
doi:10.1029/2012JD018590. (cited by 5 ) 

Sahoo, A. K., G. J. M. De Lannoy, R. H. Reichle, and P. R. Houser, 2013: Assimilation and 
Downscaling of Satellite Observed Soil Moisture over the Little River Experimental Watershed in 
Georgia, USA., Advances in Water Resources, vol. 52, pages 19-33. (cited by 3) 

Guan, B., D. E. Waliser, J.-L. F. Li, and A. da Silva, 2013: Evaluating the impact of orbital sampling on 
satellite—climate model comparisons. J. Geophys. Res., 118, 355-369. 
doi:10.1029/2012JD018590. (cited by 5) 

Ouellette, K. J., C. de Linage, and J. S. Famiglietti 2013: Estimating snow water equivalent from GPS 
vertical site-position observations in the western United States. Water Resour., 49, 2508–2518, 
doi:10.1002/wrcr.20173. (cited by 1) 

Li, B., and M. Rodell 2013: Spatial variability and its scale dependency of observed and modeled soil 
moisture over different climate regions Hydrol. Earth Syst. Sci, 17, 1177-1188 10.5194/hess-17-
1177-2013 (cited by 1) 

Kam, Jonghun, Justin Sheffield, Xing Yuan, Eric F. Wood, 2013: The Influence of Atlantic Tropical 
Cyclones on Drought over the Eastern United States (1980–2007). J. Climate, 26, 3067–3086.doi: 
http://dx.doi.org/10.1175/JCLI-D-12-00244.1 (cited by 3) 

Roundy, J.K., Ferguson,C.R., and Wood, E.F. 2013: Temporal Variability of Land-Atmosphere 
Coupling and Its Implications for Drought over the Southeast United States. Journal of 
Hydrometeorology, 14(2), 622-635, doi:10.1175/JHM-D-12-090.1. (cited by 1)  

Takahashi, H., H. Su, J. H. Jiang, Z. J. Luo, S.-P. Xie, and J. Hafner 2013: Tropical water vapor 
variations during the 2006–2007 and 2009–2010 El Niños: Satellite observation and GFDL AM2.1 
simulation, J. Geophys. Res. Atmos., 118, 8910–8920, doi:10.1002/jgrd.50684. (cited by 0) 

Livneh, B., and D. P. Lettenmaier 2013: Regional parameter estimation for the unified land model, 
Water Resour. Res., 49, 10.1029/2012WR012220.(cited by 2) 

Jiang, X., et al., 2013: Influence of El Nino on Mid-tropospheric CO2 from Atmospheric Infrared 
Sounder and Model. J.Atmos. Sci., 223-230. (cited by 1) 

Tao, Z., Santanello, J. A., Chin, M., Zhou, S., Tan, Q., Kemp, E. M., and Peters-Lidard, C. D. 2013: 
Effect of land cover on atmospheric processes and air quality over the continental United States – 
a NASA unified WRF (NU-WRF) model study, Atmos. Chem. Phys. Discuss., 13, 5429-5475, 
doi:10.5194/acpd-13-5429-2013, 2013. (cited by1) 

Bosilovich, M., 2013: Regional climate and variability of NASA MERRA and recent reanalyses: US 
summertime precipitation and temperature. J. Appl. Meteorol. Clim.. doi:10.1175/BAMS-D-12-
00191. (cited by 1) 

Lewis, S.C., A.N. LeGrande, M. Kelley, and G.A. Schmidt, 2013: Modeling insights into deuterium 
excess as an indicator of water vapor source conditions. J. Geophys. Res., 118, 243-262, 
doi:10.1029/2012JD017804. (cited by 1) 

Su, H., and J.H. Jiang, 2013: Tropical Clouds and Circulation Changes During the 2006-07 and 2009-
10 El Niños, J. Climate, Vol. 26 Issue 2, p399-413 (cited by 8) 

Wang, Shih-Yu, Michelle L'Heureux, Jin-Ho Yoon, 2013: Are Greenhouse Gases Changing ENSO 
Precursors in the Western North Pacific?. J. Climate, 26, 6309–6322. (cited by 4) 



!

41!
!

Su, H., et al. 2013: Diagnosis of regime-dependent cloud simulation errors in CMIP5 models using “A-
Train” satellite observations and reanalysis data, J. Geophys. Res. Atmos., 118, 2762–2780, 
doi:10.1029/2012JD018575. (cited by 8) 

Wang, S.-Y., H.-H. Chia, R. R. Gillies, and X. Jiang, 2013: Quasi-biweekly mode and its modulation on 
the diurnal rainfall in Taiwan forecasted by the CFS. Weather and Forecasting, 28, 981–993. (cited 
by 1) 

Teng, H., G. Branstator, H.Wang, G.A.Meehl, W.M.Washington, 2013: Probability of US heat waves 
affected by a subseasonal planetary wave pattern. Nature Geoscience (cited by 0) 

Hearty, T.J., A. K. Savtchenko, b. Tian, E. Fetzer, B. Bollmer, M. Theobald, Y.L. Yung, 2013: 
Estimating Measurement and Sampling Biases of AIRS Temperature and Water Vapor 
Observations using MERRA Reanalysis, J. Geophys. Res. Submitted   

Wang, S.-Y., K. Hakala, R. R. Gillies, and W. J. Capehart, 2013: Climate forcing and groundwater 
buildup leading up to the 2011 Missouri River Flood. Submitted to Geophysical Research Letters. 
pending  

 
2014 
Jiang, X., et al., 2014: Influence of Stratospheric Sudden Warming on AIRS Mid-tropospheric CO2. 

Journal of the Atmospheric Sciences, doi:10.1175/JAS-D-13-064.1. (cited 0) 
Wang, S.-Y., K. Hakala, R. R. Gillies, and W. J. Capehart, 2014: The Pacific Quasi-Decadal Oscillation 

(QDO) - An important precursor towards anticipating major flood events in the Missouri River 
Basin? Geophysical Research Letters,41. 41, 991–997, doi:10.1002/2013GL059042 

Wang, S.-Y., L. Hipps, R. R. Gillies, and J.-H. Yoon, 2014: Probable causes of the abnormal ridge 
accompanying the 2013-14 California drought: ENSO precursor and anthropogenic warming 
footprint. Geophysical Research Letters. (in press / PDF) 

Buckley, B. M., R. Fletcher, S.-Y. Wang, B. Zottoli, and C. Pottier, 2014: Monsoon extremes and 
society over the past millennium on mainland Southeast Asia. Quaternary Science Reviews. (in 
press) 

Zhao, L., Wang, S.-Y., J. Jin and A. J. Clark, 2014: WRF model simulations of a rare springtime bow 
echo near the Great Salt Lake. Meteorological Applications (Royal Met. Soc.), in press. 

Trammell, J. H.,  X.Jiang, L. Li, M. Liang, M. Li, J. Zhou, E. Fetzer,  and Y.L.Yung, Investigation of 
Precipitation over Wet and Dry Areas from Observation and Model, J. Atmos. Sci, 2012. 
(submitted) 

Buckley, B. M., R. Fletcher, S.-Y. Wang, V. Leiberman, and B. Zottoli, 2013: Asian monsoon extremes 
and humanity's response over the past millennium. Submitted to Quaternary Science Reviews.   

Huang, W.-R., and S.-Y. Wang, 2013: Impact of Land-Sea Breezes at Different Scales on the Diurnal 
Rainfall in Taiwan. Submitted to Climate Dynamics.  

Barandiaran, D. and S.-Y. Wang, 2013: Post-1979 changes in the Great Plains low-level jets and 
implication on recent droughts. Submitted to Geophysical Research Letters.  

X. Jiang, T. L. Kubar, S. Wong, W. S. Olson, and D. E. Waliser, 2014: Impacts of the tropical 
intraseasonal variability over the eastern Pacific on marine low clouds. (Submitted to J. Climate).  

 



!

42!
!

Wang, S.-Y., K. Hakala, R. R. Gillies, and W. J. Capehart 2014: The Pacific quasi-decadal oscillation 
(QDO): An important precursor toward anticipating major flood events in the Missouri River Basin?, 
Geophys. Res. Lett., 41, 991–997, doi:10.1002/2013GL059042. (in preparation) 2014 

Rodell, M., H.K. Beaudoing, T. L’Ecuyer, W. Olson, J.S. Famiglietti, P.R. Houser, R. Adler, M. 
Bosilovich, C.A. Clayson, D. Chambers, E. Clark, E. Fetzer, X. Gao, G. Gu, K. Hilburn, G. Huffman, 
D.P. Lettenmaier, W.T. Liu, F.R. Robertson, C.A. Schlosser, J. Sheffield, and E.F. Wood, 
2014.:The state of the global water cycle at the start of the 21st century, (in preparation) 

T. L'Ecuyer, H. K. Beaudoing, Rodell, M., W. Olson, B. Lin, S. Kato, J.S. Famiglietti, P.R. Houser, R. 
Adler, M. Bosilovich, C.A. Clayson, D. Chambers, E. Clark, E. Fetzer, X. Gao, G. Gu, K. Hilburn, G. 
Huffman, D. P. Lettenmaier, W.T. Liu, F.R. Robertson, C.A. Schlosser, J. Sheffield, and E.F. 
Wood, The observed state of global energy balance at the start of the 21st century, in preparation, 
2014. 

Taylor, Patrick C., 2014: Variability of Monthly Diurnal Cycle Composites of TOA Radiative Fluxes in 
the Tropics. J. Atmos. Sci., 71, 754–766. doi: http://dx.doi.org/10.1175/JAS-D-13-0112.1 (cited by 
0) 

Su, H., J.H. Jiang, C. Zhai, T.J. Shen, J.D. Neelin, G.L. Stephens, and L.Y. Yung, 2014: Weakening 
and Strengthening Structures in the Hadley Circulation Change under Global Warming and 
Implications for Cloud Response and Climate Sensitivity, J. Geophys. Res, 
doi:10.1002/2014JD021642 

Barandiaran, D. and Wang, S.-Y. (2014), The missing teleconnection between the North Atlantic and 
the Sahel precipitation in CFSv2. Atmosph. Sci. Lett., 15: 21–28. doi: 10.1002/asl2.457 (cited 0) 

 
Tao, W.-K., Y. N. Takayabu, S. Lang, W. Olson, S. Shige, A. Hou, X. Jiang, W. Lau, T. Krishnamurti, D. 

Waliser, C. Zhang, R. Johnson, R. Houze, P. Ciesielski, M. Grecu, S. Hagos, R. Kakar, N. 
Nakamura, S. Braun, R. Oki, and A. Bhardwaj, 2014: TRMM latent heating retrieval and 
comparison with field campaigns and large-scale analyses, AMS Meteorological Monographs - 
Multi-scale Convection-Coupled Systems in the Tropics (conditionally accepted)  

Wong, S.,T. S. L’Ecuyer, W. S. Olson, X. Jiang, and E. J. Fetzer, 2013: Local balance and variability of 
atmospheric heat budget over oceans: Observation and reanalysis- based estimates. (accepted by 
J. Climate).  

L’Ecuyer, T., H.K. Beaudoing, M. Rodell, W. Olson, B. Lin, S. Kato, C.A. Clayson, E. Wood, E. Clark, 
R. Adler, G. Huffman, M. Bosilovich, F. Robertson, J.S. Famiglietti, P.R. Houser, D. Chambers, E. 
Fetzer, X. Gao, G. Gu, K. Hilburn, D.P. Lettenmaier, W.T. Liu, C.A. Schlosser, and J. Sheffield, 
2014: The observed state of the energy balance in the early 21st century, (in preparation),  

 
 



!

43!
!

NEWS Media References 
 
New York Times- Drought (U.S. Drought of 2012) 

http://topics.nytimes.com/top/news/science/topics/drought/ 
USDA –U.S. Drought 2012: Farm and Food Impacts: The 2012 drought will dent farm profits and push 

up food prices http://www.ers.usda.gov/topics/in-the-news/us-drought-2012-farm-and-food-
impacts.aspx#.UqD-RWRDtLs Researchers Offer an Explanation for Expansion of Tropical Belts: A 
multi-decadal climate cycle is influencing the trend that expands deserts and pushes storm 
tracks closer to the poles 

April 15,2014:  Bombshell: Study Ties Epic California Drought, ‘Frigid East’ To Manmade Climate 
Change http://thinkprogress.org/climate/2014/04/15/3426810/california-drought-climate-change/ 

April 16, 2014Drought http://www.desmogblog.com/2014/04/16/new-study-shows-link-between-climate-
change-and-california-drought  
April 17, 2014: California Drought, April 17, 2014 Midwest Chilled to Climate Change 

http://blogs.discovermagazine.com/imageo/2014/04/17/california-drought-midwest-chill-tied-to-
climate-change/ - .U0__smRdVYQ  http://cliserv.jql.usu.edu/paper/CA_drought_final.pdf 

April 18, 2014: NASA Study; Cal. Drought, Polar Vortex, El Nino, Linked To Global Warming. 
http://m.dailykos.com/story/2014/04/18/1292809/-NASA-Study-Cal-Drought-Polar-Vortex-El-Nino-
Linked-To-Global-Warming  

http://news.cisc.gmu.edu/doc/CA_drought_research.pdf 
http://blogs.discovermagazine.com/imageo/2014/04/17/california-drought-midwest-chill-tied-to-climate-

change/#.U0__smRdVYQ 
 
Press Release: 

• Researchers Offer an Explanation for Expansion of Tropical Belts: A multi-decadal climate 
cycle is influencing the trend that expands deserts and pushes storm tracks closer to the poles  

A team of researchers led by a former Scripps postdoctoral researcher offered a new 
explanation for why Earth’s tropical belt, bounded by the tropics of Cancer and Capricorn, has 
progressively expanded since the late 1970s.   

Robert J. Allen, now an assistant professor at the University of California, Riverside, led a 
NASA-funded study that found the recent widening of the tropical belt is primarily caused by multi-
decadal sea surface temperature variability in the Pacific Ocean.   

 This variability includes the Pacific Decadal Oscillation (PDO), a pattern of Pacific climate 
variability that switches roughly every 30 years between two different circulation patterns in the 
North Pacific Ocean.  The researchers say anthropogenic pollutants are another influence that 
modifies the PDO. The result is an expansion of the range of subtropical deserts that stay dry year-
round tropical deserts and the pushing of storm tracks closer to the poles. 

   “It’s great to see research that uses NASA data and models to unravel the workings of the 
climate system and help to decipher the differences between internal dynamics and possible 
influences of human activity, in this case aerosols,” said Jared Entin, program manager of the 
NASA Energy and Water cycle Study, which funded the research.  “The possibility to lead to any 
improvement in prediction of California precipitation is icing on the cake, because it would help 
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confront a well-known societal challenge.” 
Several explanations for the tropical belt widening have been proposed in recent years, such 

as radiative forcing due to greenhouse gas increase and stratospheric ozone depletion. 
Prior analyses have found that climate models underestimate the observed rate of tropical 

widening, leading to questions on possible model deficiencies, possible errors in the observations, 
and lack of confidence in future projections,” said Allen, an assistant professor of climatology in UC 
Riverside’s Department of Earth Sciences, who led the study.  “Furthermore, there has been no 
clear explanation for what is driving the widening.” 

 Allen and colleagues including Scripps atmospheric science researcher Joel Norris found that 
the PDO is a more significant variable than previously realized. 

Although this widening is considered a ‘natural’ mode of climate variability, we also show that 
anthropogenic pollutants have driven trends in the PDO,” Allen said.  “Thus, tropical widening is 
related to both the PDO and anthropogenic pollutants.” 
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